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THIS J\EW EDITION, Uke preceding editions, has been pre- 
pared for those who work or experiment with transmitting tubes or 
circuits. It will be useful to engineers, technicians, educators, radio 
amateurs, students, experimenters, and many others technically con- 
cerned with transmitting tubes. 

The manual has been comprehensively revised and updated to 
keep abreast of the advances in power-tube technology since its last 
publication. Information has been prepared for the latest EGA trans- 
mitting tubes» including new or improved cermolox, ceramic-and- 
metal, pencil, and pulse-rated types. New material has also been pro- 
vided for application tables, single-sideband information (new ratings, 
linear rf power amplifiers, calculations for two-tone modulation), and 
typical transmitting and industrial circuits. 

In the Tube Types— Technical Data Section, information is given 
for RCA power tubes having plate input ratings up to four kilowatts 
and for associated rectifier types. Detailed data and cmnres are given 
for all the newer and more important types. For reference purposes, 
basic information is also provided for a number of discontinued types 
still of some interest. 
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SPACE-AGE TUBES meet the 
challenge of space exploration with 
reliable performance in adverse en- 
vironments. 

At top, RCA-5876 pencil tubes am- 
plified astronaut's voice transmis- 
sion during MERCURY launch, 

orbit, and recovery. 

Below, RCA-7213 is representative 
of many high-performance cermolox 
types for ground-station transmit- 
ter application. 




RCA Transmitting Tubes 

Power-Tube Fundamentals 



Power tubes are devices for con- 
trolling the transfer of energy in elec- 
trical circuits. In this respect they are 
similar to rheostats, switches, and other 
circuit-type control devic^.Tubes, how- 
ever, permit much more rapid, precise, 
and efficient control of electrical energy 
than mechanically operated device. 

The transfer of electrical energy 
through a circuit involves control of two 

factors, rate and direction. The rate of 
energy transfer is determined by the 
number of individual electron charges 
moving unidirectionally through the cir- 
cuit in & given interval of time and is 
proportional to the applied voltage. The 
direction in which the electron charges 
move is determined by the polarity of 
the applied voltage. 

Electron charges may be transferred 
through a circuit element by several 
methods. In one method, kinetic energy 
is.. ..transferred between adjacent elec- 
trons witldn the molecular structure of 
a conductor. This method is employed 
in switches, rheostats, and other de\nces 
which utilize conductive materials as 
control electrodes. Because the currents 
through such devices are controlled by 
mechanical means, the speed with which 
the amount or direction of current can 
be changed is limited by friction and 
inertia. 

In a second method, individual elec- 
trons are transferred through a low- 
density, nonconductive medium, such as 
a vacuum or a low-pressure gas. This 
method is used in tubes and has the ad- 
vantage that both the rate and the di- . 
rection of current flow may be controlled 
by electric fields. Because these fields, 
as well as the electrons, have negligible 
inertia, tubes can effect changes in the 
ystlue and direction of electric current at 
speeds considerably higher than those 



obtainable with mechanically operated 

device. 

In electrical circuits, control of the 
direction of current flow is necessary 
when the power source produces ac volt- 
ages and currents and the load requires 
a unidirectional current. Tubes which 
are used primarily to control the direc- 
tion of current flow are known as recti- 
fiers. All such tubes, however, are also 
rate-control or rate-limiting devices in 
the sense that they have a finite current- 
oarryihg capability. 

Rate-control requirements in elec- 
trical circuits range from occasional on- 
off switching to continuous variations 
occurring several billion times per sec- 
ond. Tubes which provide this form of 
control are known generically as ampli- 
fiers. POwer-tube amplifiers are capable 
of controlling relatively large amounts 
of energy. All triode and multigrid power 
tubes are inherently rectifiers as well as 
amplifiers because they deUver unidirec- 
tional current regardless of the kind of 
^^rgy furnished- by the power source. 

Basic Considerations 

In its simplest form, an electron 
tube consists of a cathode (the negative 
electrode) and an anode or plate (the 
positive electrode) in a sealed envelope. 
More complex types may also contain , 
one or more adc^tional electrodes. The 
purpose of the cathode is to furnish a 
continuous supply of free electrons; the 
plate collects these electrons. The rate 
at which electrons are collected by the 
plate (the plate cnrrent) Is determined 
by the number of free electrons available 
and by the polarity and the strength of 
the electric field between the plate and 
cathode. Power tub^ and rectifiers are 
usually operated 30 th^t the number of 
electrons avaflable is constant. Conse- 
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quently, the rate of collection or current 

flow is determined principally by the 
characteristics of the internal electric 
field. 

The internal electric field is estab- 
lished by connection of a source of po- 
tential between the plate and cathode. 
When the plate is at a negative potential 
with respect to the cathode, the internal 
field tends to prevent electrons from 
leaving the vicinity of the cathode, and 
there is no transfer of energy through 
the tube. When the plate is operated at 
a positive potential with respect to the 
cathode, the field causes a movement of 
electrons to the plate. The current 
through the tube is then determined by 
the strength of the field, or the plate 
voltage. 

Vacuum Tubes 

Under normal operating conditions, 
the velocity of the electrons emitted by 
the cathode of a vacuum tube is just suf- 
ficient to insure their release from the 
emitting surface. If no accelerating field 
is apphed, these electrons tend to return 
to the cathode when their escape energy 
has been expended. However, the in- 
tense negative field created by new elec- 
trons reaching the emitting surface re- 
pels those previously emitted and they 
accumulate in the space surrounding the 
cathode. This accumulation of electrons 
is called the space charge. 

The approximate distribution of 
the space-charge electrons in the ab- 
sence of an accelerating field is shown in 
Fig. 1. The concentration is greatest in 
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the region nearest the cathode. The gen- 
eral relationship between plate volta.ge 
(Eb) and plate current (lb) in a two- 
electrode vacuum tube is shown in Fig. 
2. At very low positive plate voltages 
(region Eg to Ei), only the loosely bound 
electrons on the outer surfacie of the 



space charge are attracted to the plate, 

and the plate current does not change 
uniformly with equal increments in 
plate voltage. Over a higher range of 
plate voltages (region Ei to Ea), the re- 
lation between plate voltage and plate 
current is nearly linear. When operated 
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in this region, a two-electrode vacuum 
tube has substantially constant internal 
resistance (called plate resistance, or rp), 
and the plate current follows the normal 
Ohm's-Law relationship. 

At plate voltages higher than Eo, an 
increase in plate voltage does not pro- 
duce a proportional increase in plate 
current because practically the full emis- 
sion capabilities of the cathode are being 
utilized. The voltage at which essentially 
all of the electrons emitted by the 
cathode are collected by the plate is 
known as the saturation voltage and is 
indicated in Fig. 2 by E3. 

Two-electrode vacuimi tubes are 
extremely useful as power rectifiers. Be- 
cause they are entirely nonmechanical 
in operation, they can be used over a 
wide range of frequencies. They can 
operate at both very high and very low 
temperatures, and can be designed to 
withstand very high inverse voltages. 
The substantially linear relationship be- 
tween plate voltage and plate current in 
such tubes is also useful as a means of 
obtaining virtually distortionless rectifi- 
cation (detection) of radio signals. 

Like all rectifiers, the two-electrode 
vacuum tube is a special form of switch- 
ing device and, therefore, does not pro- 
vide any power gain. However, the con- 
trol of circuit currents by means of elec- 
tric fields can be extended to include 
amplification, oscillation, and other func- 
tions involving actual power gains by 
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the addition of a third electrode called a 
grid between cathode and plate. When 
■the grid is placed relatively near the 
cathode, the application of small volt- 
ages to the grid can produce the same 
change in the internal field, and thus in 
the plate current, as large changes in 
plate voltage. Large amounts of plate- 
circuit power can thus be controlled 
with relatively little energy. Special con- 
trol characteristics may be obtained by 
the use of two or more grids or control 
electrodes in a tube. The construction 
and characteristics of the principal types 
of miilti-electrode tubes in general use 
are described in detail later in this sec- 
tion. 

Electrons accelerated by even mod- 
erately liigh plate voltages may acquire 
enough kinetic energy so that they dis- 
lodge equal or greater numbers of elec- 
trons when they strike the plate. Emis- 
sion produced in this manner is known 
as secondary emission. 

Like primary electrons, secondary 
electrons are attracted to a positive elec- 
trode in the tube. In a two-electrode 
tube, they return to the plate and their 
only e£fect is to produce a weak negative 
field similar to a space charge which 
tends to repel some of the primary elec- 
trons approaching the plate. Although 
an increase in plate voltage beyond the 
saturation value does not increase the 
plate current of a tube, it produces a 
proportional increase in the velocity 
with which electrons move to the plate, 
and thus increases secondary emission. 

Although secondary emission is fre- 
quently employed in special multi-elec- 
trode tubes, it may produce effects 
which interfere with normal operation 
of power-tube amplifiers. These effects 
and the methods used to overcome them 
are discussed in detail later in this sec- 
tion. 

Gas Tubes 

In a vacuum tube, space charge in- 
hibits the release of electrons from the 
cathode, and thus limits the plate cur- 
rent at low and moderate plate voltages. 
Although the space-charge effect may be 
reduced by a reduction in the spacing 
between plate and cathode, it cannot be 
entirely eliminated by this method. The 
negativespace charge can be neutralized. 



however, by other methods — for exam- 
ple, by the introduction of a controlled 
amount of mercury vapor or inert gas 
in the tube. 

When a gas is present in a two- 
electrode tube, free electrons in the gas 
are attracted to the positive anode and 
add to the anode current. Positive ions 
created continuously by collisions be- 
tween gas atoms and the free electrons 
neutralize the space charge so that large 
currents may be drawn at low anode 
voltages. In addition, the space-charge 
neutralization effectively increases the 
thermal efficiency of the cathode. These 
advantages make gas tubes particularly 
suitable for u§e as power rectifiers. The 
use of gas tubes, however, requires pre- 
cautions in circuit design, physical in- 
stallation, and operation which are not 
nece^ary with vacuum tubes. These ad- 
ditional requirements are discussed in 
the Rectifier Consideratio-ns Section. 

Generic Tube Types 

In tube terminology, generic type 
names such as "diode," "triode," 
"tetrode," and "pentode" indicate the 
number of electrodes directly associated 
with the emission, control, or collection 
of electrons. Auxiliary elements such as 
heaters, internal shields, or metal-enve- 
lope shields, even when provided with 
separate electrical connections and 
shown in the tube symbol, are not 
counted in establishing generic-type 
clasdfications. 

Diodes 

The diode types listed in this Man- 
ual are used principally as rectifiers in 
equipment for converting low-frequency 
alternating current from commercial 
power lines or local sources to direct cur- 
rent. 

Tubes which contain a single diode 
unit, such as the 836 or 866-A, are known 
as half-wave rectifiers because they are 
capable of conducting current during 
only one half of each ac cycle. Tubes 
which contain two diode units, such as 
the 5R4-GY, are called full-wave recti- 
fiers because they can be connected so 
as to conduct current during both halves 
of each ac cycle. Fig. 8 shows grapMcal 
symbols for a filament-tjrpe half-wave 
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rectifier and a heater-cathode-type full- 
wave rectifier. 

Gas rectifiers have a very small In- 
ternal voltage drop which is practically 
independent of load current and are, 
therefore, desirable for applications re- 
quiring relatively constant output volt- 
age with varying loads. In mercury- 
vapor types, and to a smaller degree in 
inert-gas types, the voltage drop is af- 
fected by bulb temperature. Control of 
bulb temperature and other special con- 
siderations involved in the operation of 
gas rectifier tubes are discussed in the 
Rectifier Consideraiwns Section. 

In a vacuum rectifier, the internal 
voltage drop is approximately pro- 
portional to the load current. Conse- 
quently, rectifiers of this type, such as 
the 5R4-GY, 836, and 1616, do not pro- 
vide as good regulation of output volt- 
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age as gas types in applications involv- 
ing varying load currents. Vacuum 
rectifiers, however, are not affected by 
ambient temperature and do not require 
special installation and circuit consider- 
ations. Certain heater-eathode-type vac- 
uum rectifiers, such as the 836, have 
very low internal resistance and are 
capable of providing voltage regulation' 
almost as good as that obtainable with 
gas types. 

Triodes 

In triodes, or three-electrode tubes, 
an auxiliary control electrode, called a, 
grid,,is placed between the cathode and 
the plate, as shown in Fig. 4. The grid 
is usually a cylindrical or oval-shaped 
spiral of fine wire surrounding the cath- 
ode, although wire-mesh and grating- 
type grids may also be used. 

Because of its open construction, 
the grid does not appreciably obstruct 



the movement of electrons from cathode 
to plate. When the grid is made positive 
or negative with respect to the cathode, 
however, its electric field can increase or 
decrease the rate of electron flow. This 
efiect makes it possible for a triode to be 
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used as an amplifier. In a typical ampli- 
fier circuit, sucli as that shown in Fig. 5, 
the energy required to attract electrons 
to the plate is obtained from a high- 
voltage dc plate supply and the elec- 
trical impulse to be amplified, the in- 
put signal, is applied between grid and 
cathode. Because the plate current of 
the tube flows through the load, varia- 
tion of the grid-cathode voltage causes 
the dc power drawn from the place sup- 
ply to appear as ac power in the load. 
Thn power required by the grid for com- ' 
plete control is ordinarily only a fraction 
of the power developed in the load cir- 
cuit. The ac power in the load circuit is 
always less than 100 per cent of the dc 
input power, however, because some 
power is dissipated at the plate of the 
tube and in the resistance of the load 
circuit. In addition to their use as audio- 
frequency and radio-frequency ampli- 
fiers, power triodes may be used in suit- 
able circuit arrangerrents for oscillation. 




OUTPUT 
VOLTAGE 



PLATE 
SUPPLY 



frequency multiplication, modulation, 
and various special purposes. 

The plate, cathode, and other elec-, 
trodes of a tube form an electrostatic 
system, each electrode acting as one" 
plate cd a small capacitor. In a trlode, 
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capacitances exist between grid and 
cathode, grid and plate, and plate and 
cathode, as shown in Fig. 6. Although 
these interelectrode capacitances do not 
have values of more than a few micro- 
microfarads, they may have substantial 



Cqp 





-.^ LOAD S 


OUTPUT 




RESISTANCES 


VOLTAGE 




— T-* 1 1 







Cqk 



ie: plate 

SUPPLY 



J- 



Fig. 6 

effects on tube operation, especially at 
radio frequencies. For example, the 
grid-plate capacitance, Cgp, provides an 
internal path between the output and 
input circuits. When a triode is used as 
an amplifier at radio frequencies, suffi- 
cient energy may be fed back through 
this path to cause uncontrolled regener- 
ation or oscillation. Although this type 
of internal feedback is frequently em- 
ployed in oscillator circuits, it is unde- 
sirable in amplifier applications. Triode 
radio-frequency amplifiers, therefore, re- 
quire either special circuit arrangements 
or the use of a feedback-cancelling tech- 
nique known as neutralization. These 
special considerations are discussed at 
length in the Power-Tube Applications 
Section. 

Tetrodes 

Internal feedback between plate 
and end, and the resulting need for neu- 
tralization in triode radio-frequency am- 
plifiers, can be minimized by incorpora- 
tion of a second grid (the screen grid) 
between the grid No.l (the control grid) 
and the plate, as shown in Fig. 7. Tubes 
which employ a grid No.2 or screen grid, 
cathode, control grid, and plate are 
known generically as tetrodes. 

When a tetrode is used as an ampli- 
fier, the screen grid is operated at a fixed 

positive potential (usually somewhat 
lower than the plate voltage), and is by- 
passed to the cathode through a capaci- 
tor having a very low impedance at the 
operating frequency. This capacitor di- 
verts signal-frequency alternating cur- 
rents from the screen grid to ground, and 
effectively short-circuits the capacitive 
feedback path between plate and control 



grid. The screen grid acts as an electro- 
static shield between the control grid 
and the plate, and reduces the grid- 
plate capacitance to such a small value 
that internal feedback is usually negligi- 
ble over the range of frequencies for 
which the tube is designed. 

Because the screen grid is operated 
at a positive potential with respect to 
the cathode, it collects a substantial 
number of the available electrons and, 
therefore, reduces the plate current 
which can flow at a given plate voltage. 
The addition of a screen grid thus in- 
creases the internal resistance or plate 
resistance of a tube. However, it also 
gives the grid No.l a greater degree of 
control over the plate resistance, and 
thus increases the voltage-amplification 
factor. 

The voltage at which the screen 
grid is operated has a substantial effect 
on the plate current of a tetrode. This 
characteristic makes it practicable to 
control the gain of a tetrode by varia- 
tion of the dc screen-grid potential, or 
to modulate the tube output econom- 
ically by the application of signal volt- 
age to the screen grid, as well as to the 
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control grid. It is usually necessary, 
therefore, to remove ripple and other 
fluctuations from the screen-grid supply 
voltage to prevent undesircd modula- 
tion of the tube output. 

Because the use of a grid No.2 or 
screen grid reduces internal coupling be- 
tween the output and input circuits, 
tetrodes can furnish a high degree of 
stable amplification in relatively simple 
circuits. Some residual grid-plate capaci- 
tance is unavoidable, however, and in- 
ternal feedback may be a problem. The 
amount of internal feedback that can be 
tolerated in any amplifier tube depends 
on the frequency at which the tube is 
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operated, the effective gain of the stage, 
the characteristics of the tube input and 

output circuits, and the mechanical lay- 
out employed. Because of their high 
power sensitivity, tetrodes used in rf ap- 
pUcations generally require shielding 
from external fields and careful circuit 
layout to minimize external feedback 
between the input and output circuits 
of the tubes. In certain ampiifier appli- 
cations involving high radio frequencies 
and high stage gains, tetrodes, as well as 
triodes, may require neutralization. Fur- 
ther information on this subject is given 
in the Power-Tube CircuU-Deaign Con- 
sideraiions Section. 

If the negative excursion of the out- 
put signal swings the plate to a voltage 
less positive than that of the screen grid, 
electrons moving from the screen grid to 

the plate tend to reverse their direction 
and return to the screen grid. The result- 
ing decrease in plate current causes a 
corresponding rise in plate voltage, which 
terminates the negative swing of the 
output signal before it completes a full 
excursion. This effect, which tends to 
reduce the power output of a tetrode 
below that obtainable from a triode hav- 
ing equivalent plate-input rating, is em- 
phasized considerably when there is 
secondary emission from the plate. 

The loss of a portion of the output 

energy which occurs in a tetrode under 
these conditions reduces the power- 
handling capabilities of the tube, and 
causes serious distortion of the signal 
waveform. The output of the tube, 
therefore, contains harmonics of the sig- 
nal frequency and other spurious fre- 
quencies which may cause considerable 
interference to communications service. 
Such distortion may also be highly ob- 
jectionable to the ear or to the eye when 
a tetrode is used as an audio or video 
amplifier. Although this effect can be 
minimized by reducing the amphtude 
of the plate-voltage swing so that the 
plate voltage never swings negative with 
respect--to the screen-iEiid voltage, this 
expedient imposes further limitations on 
the tube output. 

The abrupt rise in the plate voltage 
of a tetrode caused by the reversal of 
electron flow tends to draw both primary 
and secondary electrons back to the 
plate* CgJJectio%p|. these electrons then 



makes the plate less positive than the 
screen grid so that the tube current tends 
to reverse again. This interchange of 
electrons between plate and screen grid, 
called dynatron action, may continue 
for several cycles, and is equivalent to 
an oscillatory current. Although dyna- 
tron action forms the basis of certain 
tetrode oscillator circuits, it is highly 
objectionable when a tube is used solely 
as an amplifier. 

Pentodes 

The limitation imposed on the plate- 
voltage swing of a tetrode by "dynatron 
action" can be overcome by the use of a 
grid No.3, or suppressor grid, between 
the screen grid (grid No.2) and the plate, 
as shown in Fig. 8. Tubes which employ 
five-electrode structures of this type are 
called pentodes. 

When a pentode is used as an ampli- 
fier, the grid No.3 or suppressor grid is 
generally operated at a fixed negative 
potential with respect to both the screen 
grid and the plate and thus establishes a 
negativeelectrostaticfield between them. 
Although this field is not strong enough 
to prevent the desired movement of high- 
velocity primary electrons from screen 
grid to plate, it effectively prevents both 
primary and secondary electrons from 
flowingbackwardtothescreengrid. Con- 
sequently, the plate voltage of a pentode 
may swing negative with respect to the 
screen-grid voltage without the loss of 



PLATE 




GRID N2 3 
(SUPPRESSOR 
GRID) 

\GRIO N2 2 
(SCREEN 
GRID) 



CATHODE 



HEATER 



Fig- 8 



output power and the waveform distor- 
tion that occur under the same condi- 
tions in a tetrode. 

The grid No.3 or suppressor grid 
may be connected internally to the cath- 
ode, as in the 1613, so that it is automati- 
cally maintained at a negative potential 
with respect to the plate and screen grid. 
In most power pentodes, however, the 
suppressor grid is an independent elec- 
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trode which can either be connected ex- 
ternally to the cathode or operated at a 
positive or negative potential with re- 
spect to the cathode to meet various 
application requirements. The use of an 
independent suppressor grid permits the 
introduction of an auxiUary signal or 
control voltage into the tube circuit. Al- 
though the screen grid can also be used 
for this purpose, a suppressor grid is gen- 
erfdly a more effective control electrode 
because it requires much less signal power 
for full modulation of the tube output. 
In addition, the shielding action of the 
screen grid minimizes und^irable cou- 
pling between the suppressor grid and 
the control grid when signals are applied 
simultaneously to these electrodes. 

Beam Power Tubes 

The power-handling ability of a tet- 
rode or pentode is limited to some extent 
because some of the available electrons 
are collected by the screen grid and, 
therefore, do not contribute to the plate 
current. In beam power tubes, however, 
the lateral wires of the screen grid are 
aligned with the control-grid wires to 
direct the flow of electrons through the 
screen grid to the plate. A sectional view 
of a typical beam power tube is shown 
in Fig. 9. As indicated by the dashed 
lines in the figure, the stream of electrons 
is divided into sheets or "beams" which 
tend to pass between the wires of the 
screen grid. Because relatively few elec- 
trons impinge on the screen grid, a sub- 
stantial portion of the electron energy 
that would otherwise be absorbed by 
the screen grid and dissipated as heat is 
diverted to the plate, where it can be 
converted into useful output power. 

In beam power tubes of the type 
illustrated in Fig. 9, dynatron action and 



other undesirable effects of secondary 
emission from the plate can be mini- 
mized by spacing the electrodes so that 
a space-charge effect is created in the 
heavily shaded region. The negative elec- 
trostatic field produced by the dense 
concentration of electrons in this region 
blocks the escape of secondary electrons 
from the plate. 
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In parallel-plane beam pow«r tubes, 
stray secondary electrons may be pre- 
vented from reaching the screen grid by 

paths outside the effective field of the 
space charge by the incorporation of 
special beam-confining electrode opera- 
ted at cathode potential. 

In general , pentodes and beam power 
tubes have higher power sensitivity than 
other generic types, i.e., they require 
very little driving power in relation to 
obtainablepower output. Theuse of beam 
power tubes in multi-stage equipment, 
therefore, minimizes the number of stages 
required to obtain a specific power gain. 

These tube types are especially use- 
ful as buffer-amplifier tubes, final-am- 
plifier tubes, and frequency-multiplier 
tubes in transmitters and other types of 
radio-frequency power equipment. Beam 
power tubes are also widely xised as audio- 
frequency power-amplifier tubes and 
modulator tubes, and in certain types of 
osdllator circuits. 
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Although power tubes may vary 
widely with respect to physical form, 
size, and terminal arrangement, they 
utilize two general forms of plate con- 
struction. In internal-plate construction, 
the plate is completely enclosed within 
the glass envelope, and electrical con- 
nection is made to a cap on the envelope 
or to a base pin, as shown in Fig. 10 (a). 
In external-plate construction, the plate 
electrode usually forms part of the tube 
envelope, so that the outer surface of the 
plate is exposed, as shown in Fig. 10 (b). 




Fig. xo 

Generally, internal-plate tubes re- 
quire either natural convection cooling 
or forced-air cooling. Because tiie heat 
from the plate must first radiate to the 
envelope before it 18 dissipated, the power 
handling capability of such tubes is lim- 
ited. External-plate types have a greater 
cooling efficiency because the heat from 
the plate can be directly dissipated by 
various methods of cooling. In some 
tubes, a radiator is attached directly to 
the plate to increase the area of the cool- 
ing surface. Other external-plate tubes 
use conduction or liquid cooling to im- 
prove heat dissipation and increase power 
handling capability. 

Most RCAexternal-plate tubes have 
a cylindrical type of construction which 
provides the following advantages. Short 
effectiv&heat paths from the control grid 
and screen grid result in cooler operation 
and, consequently, in lower grid emis- 
sion. Thelarger plate of a cylindrical tube 
provides greater heat dissipation, . and 
the compact cathode requires less heater 
power. In addition, uniform thermal ex- 
pansion of the electrodes results in con- 



stant interelectrode spacing over a wide 
range of temperatures. 

Cathodes 

The most efficient practical cath- 
odes for power tubes utilize thermionic 
emission. Because such emission varies 

exponentially withtemperature,apower- 
tube cathode must be operated at a con- 
stant temperature if substantial varia- 
tions in emission are to be avoided. Be- 
cause of the practical difficulties involved 
in measuring the cathode temperature 
of a tube, proper operating conditions 
are usually expressed in terms of a spe- 
cific voltage and a specific current. Spe- 
cific values of heating voltage and cur- 
rent for each tube type are given in the 
Tube Types Section. 

A directly heated cathode, or fila- 
mentary cathode, is a metallic conduc- 
tor drawii into wire or ribbon form, as 
shown in Fig. 11. The conductor is heated 
to emitting temperature by its own re- 
sistance to a flow of electric current. 
Emission may be obtained either from 
the conductor itself or from a coating of 
thermoemissive material bonded to its 
surface. Filamentary cathodes have the 
basic advantages of mechanical simplic- 
ity, high emission efficiency, and rapid 
heating. A single continuous filament 
can be wound or folded to provide uni- 
form emission distribution over large 
areas, or to expose a minimum of surface 
to destructive positive-ion bombard- 
ment. Because of their high efficiency 
and quick heating, filamentary cathodes 
are especially suitable for portable and 
mobile equipment, in which economy of 
operating power is an important con- 
sideration. 

Early filamentary cathodes were made 
of pure tungsten, a dense, tough metal 
having an extremely high melting point. 
Because tungsten must be heated to very 
high temperatures to emit electrons in 
useful quantities, such filaments require 
considerable electrical power for excita- 
tion. Much higher emission efficiencies 
can be obtained with thoriated-tungsten 
filaments, which are drawn from tung- 
stenslugs impregnated with thoria (thori- 
um oxide). During tube processing, some 
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of the thorium oxide is driven to the 
surface of the filament and reduced to 
pure metallic thorium, which emits use- 
ful quantities of electrons when heated 
to a relatively low temperature. This 
surface thorium evaporates during tube 
operation, but is continuously replen- 
ished from the internal supply of thori- 
um oxide. 

Filamentary cathodes may also be 
made of inexpensive nickel alloys, rather 
than highly refractory metals, and coated 
with "alkaline-earth" oxides, which emit 
electrons freely at much lower tempera- 
tures than either pure tungsten or thori- 
ated tungsten. The coating is applied to 
the filament in the form of a carbonate 
of the basic element (generally barium 
carbonate or a mixture of barium, calci- 
um, and strontium carbonates), and is 
converted to the highly emissive oxide 
form during tube processing. Oxide- 
coated filaments are especially suitable 
for use in gas rectifiers, which require 
low-temperature cathodes capable of de- 
livering high emission currents and with- 
standing intense positive-ion bombard- 
ment. Quick-heating filaments of spe- 
cially constructed low-conductivity ma- 
terials are incorporated in certain tube 
types designed for use in mobile and 
emergency-communications equipment. 
Tubes such as the 4604 are ready for full 
ppm^on one second after the filament 
is turned on. — 

An indirectly heated cathode, or 
heater-cathode, is a hollow metal cylin- 
der or sleeve having a coating of thermo- 
emissive material bonded to its outer 
surface, as shown in Fig. 12. The cath- 
ode is heated by radiation from a metal 
filament, called the heater, which is 
mounted inside the sleeve. The cathode 
sleeve is usually electrically insulated 
from the heater. The emissive material 
employed is generally the same as that 
used on coated filamentary cathodes and 
operates at substantially the same tem- 
• perature. 

The electrical insulation between 
the heating and emitting elements in a 
heater-cathode provides several advan- 
tages from the standpoints of tube opera- 
tion and circuit design. Because the cur- 
rent through the heater wire produces 
no vditage drop in its associated cathode, 
all EM^ts c^. ^.^ttmg surface are at 



the same dc potential with respect to 
the other electrodes of the tube. Because 
of this feature, this type of cathode is 
often called a uuipotentiaL cathode. 
The emission is substantially uniform 
over the entire cathode. An indirectly 
heated cathode may generally be oper- 
ated at a fixed or variable potential of 
either polarity with respect to its heater, 
provided this potential does not exceed 
the maximum heater-cathode-YOltage 
rating of the tube. 

The heater of a heater-cathode is 

usually a folded or helically wound fila- 
ment of very fine tungsten or tungsten- 
alloy wire. The actual form of a heater 
is determined by the application require- 
ments of the tube, the amount of insula- 
tion reriuired between heater and cath- 
ode, and the internal dimensions of the 
cathode sleeve. A refractory metal is re- 
quired because the heater has very small 
effective area and, therefore, must be 
operated at a high temperature to sup- 
ply the thermal energy required by the 




Fig. 11 Fig. 12 



cathode. The insulation must be capable 
of withstanding these high temperatures 
and, in addition, must possess sufficient 
flexibility to accommodate bends of very 
small radius because the heaters must 
be folded or wound into forms compact 
enough to fit inside the cathode sleeve. 
The insulation generally used is alumi- 
num oxide, or a similar material known 
commercially as "alundum." The insula- 
tion is first applied to the heater as a 
suspension of fine particles in a nitro- 
cellulose binder, and is then sintered in- 
to a solid coating by operation of the 
heater for a carefully controlled period 
of time at a temperature slightly above 
its normal operating value. 

One of the newer developments in 
cathode fabrication is the nickel-matrix 
cathode. A band of estremeiy fine pure- 
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nickel powder is sintered on the cathode 
sleeve at a temperature of 1200 degrees 
centigrade to form a sponge-like nickel 
matrix in the active area. After vacuum 
firing to ensure purity, the nickel matrix 
is impregnated with a barium-stronti- 
um coating. The resulting cathode is free 
from arcing caused by cathode peeling, 
is resistant to ion bombardment, and has 
a reservoir of emissive material which 
prolongs operating life. This type of cath- 
ode is especially suitable for tubes used 
in rf applications, hard-tube modulator 
applications, and applications requiring 
ruggedized types. Although the cathode 
requires slightly greater heater power, 
the use of barium-strontium oxide as the 
emissive coating permits operation at 
the relatively low cathode temperature 
of 830 degrees centigrade. 

Heater-cathodes have excellent ri- 
gidity and dimensional stability, and 
permit the use of simpler, more com- 
pact, and more rugged electrode struc- 
tures. They can also be placed very dose 
to other tube electrode, and thus make 
possible the reduction of internal loss^ 
caused by space-charge effects and elec- 
tron transit time. Because tubes using 
these cathodes can usually be operated 
in any position, the equipment designer 
has greater freedom in locating tubes 
and components to provide maximum 
circuit efficiency or accessibility. 

Plates 

Plates or anodes of power tubes are 
designed to collect as many as pcKsible 
of the electrons made available by the 
cathode. They must also be capable of 
dissipating heat. Typical plate designs 
are shown in Fig. 13. The plates shown 
at (a) and (b) are typical types used in 
tubes having internal-plate construction. 
Figs. 13 (c) and (d) are typical types of 
external plates having integral radiators. 
Fig. 13 (e) shows an external plate of the 
type used in conduction-cooled tubes. 

The plate at (a) is simple and ex- 
tremely-fugged. Plates of this type are 
used principally in low- and medium- 
frequency power tubes such as the 810 
and 813. 

The plate shown at (b) has radial 
fina to provide increased heat-radiating 
surface without appreciably increasing 
the capacitances between the plate and 



other electrodes. Plates of this type are 
used in tubes such as the 826. 




(d) (e) 



Fig. 13 

The radiator design shown at (c) 
makes it possible to obtain substantial 
heat dissipation from plates of limited 
area by the use of forced-air cooling. 
Two variations of this design are used to 
increase cooling efficiency, one type has 
solid radial fins and the other has lou- 
vered axial fins. 

The radiator design shown at (d) 
makes possible a simplified arrangement 
in which forced air flows in a direction, 
transverse to the major axis of the radi- 
ator. This type of plate is used in tubes 
such as the 8121. 

Theplate shown at (e) has anintegral 
aluminum-alloy conduction cylinder 
from the plate to the tube surface. The 
cylinder is treated to prevent diffusion 
welding of the conduction cylinder to 
the clamping surface of the conduction 
cooling system during high-temperature 
operation. A typical conduction-cooled 
tube ha^ng this type of plate is the 7844. 

Internal platesmaybemade of many 



12 



Co^^truptictTi and Materials 



materials, depending on the tube require- 
ments. Nickel is often used for the plates 
of power tubes which operate at moder- 
ate temperatures because it can be formed 
readily into complex shapes and has the 
advantage of light weight, so that elabo- 
rate support structures are not needed. 
The heafr-radiating ability of nickel 
plat^ can be substantially improved by 
means of a surface treatment called 
"carbonizing," in which a closely ad- 
hering layer of amorphous carbon is de- 
posited on the surface of the nickel. 

The thermal advantage of nickel is 
combined with high mechanical strength 
in a comparatively new material de- 
veloped for the plates of small power 
tubes, which can be roughly described as 
carbonized nickel-plated steel. 

Pure copper is now used extensively 
in external-plate designs for tubes in var- 
ious power ranges and physical sizes. In 
tubes of this type, the copper plate forms 
part of the envelope, and forced-air or 
water cooling is used to maintain the 
temperatures of the copper and of the 
seal at safe values. With the aid of these 
coolingmethods, tubes of relatively small 
- physical size can handle very Imrge 
amounts of power. 

Other metals used for tube plates 
includematerialssuchastungsten,moIyb- 
denum, tantalum, and graphite. Zir- 
conium is sometimes applied as a coat- 
ing. The use of graphite, tantalum, or 
zirconium provides"getter"aetion which 
helps to maintain a high vacuum within 
a tube by cleaning up residual gases or 
those which may be given off by parts 
of the tube during operation. Graphite 
and molybdenum are usually subjected 
to some form of surface treatment during 
processing to improve their thermal 
efficiency. 

Grids 

The grids of internal-plate types 
are generally constructed of individual 
wires arranged in parallel and welded to 
siderods, or of a single wire wound in 
spiral form and swaged to the siderods, 
or of a cage formed of individual rods. 

In many external-plate beam power 
tubes, such as the compact ceramic-metal 
cermolox line of beam-power tubes, the 
grid cages- are formed -from concentric 
cylindrical metal blanks whibh are brazed 



together at the proper spacing for the 
control andscreen electrodes. The blanks 
are then cut simultaneously to form pre- 
cision-aligned grids by an electrical-dis- 
charge machining process. Fig. 14 shows 
some of the typical grid structures used 
in beam power tubes. 

Tube grids may be made of pure 
metals such as tungsten, molybdenum, 
or tantalum, of various alloys of tungsten 
and molybdenum, or pf a nickel-manga- 
nese alloy. Because of its physical posi- 
tion between the cathode and the plate. 




Fig. 14 



the grid is subjected to heat radiated 
from both of these electrodes, and, if gas 
is present in the tube, may also undergo 
heavy positive-ion bombardment. As a 
result, the grid may emit primary elec- 
trons. Its tendency to emit electrons is 
further increased if it becomes contami- 
nated with emissive material evaporated 
from the cathode. The grids are often 
coated with gold or platinum to reduce 
the possibility of primary emission. 

Because power tubes are often oper- 
ated under conditions in which the grid 
is driven positive with respect to the 
cathode, the grid can attract electrons 
which may possess sufficient kinetic en- 
ergy to liberate large numbers of second- 
ary electrons from the grid. A carbon 
coating is sometime applied to the grid 
to reduce its tendency to seccmdary 
emission. 

Getters 

A chemical "getter" is often used in 
electron tubes to absorb residual gases. 
The getter is usually a mixture of barium 
oxide and a reducing agent which frees 
the barium when the getter is "flashed." 
The getter material is usually concen- 
trated in a small capsule, ribbon, or 
"tab," and is "flashed" or vaporized 
after the tube is sealed off. This tab is 
installed in the tube far enough from the 



13 



HCA Transmitting Tubes 



main electrode structure to assure that 
the getter will not be flashed by the heat 
developed during the exhaust process, 
and that getter material will not be 
deposited on the tube electrodes during 
flashing. 

Envelopes 

Many small- and medium-^ized low- 
frequency power tubes having internal- 
plate construction use simple cylindrical 
soft-glass envelopes and have the low- 
voltage electrode leads brought out 
through the base. "Hard" glasses of the 
borosilicate type are used for the envel- 
opes of many medium- and high-power 
radiation-cooled tubes, particularly 
where compact construction is necessary 
to meet electrical-design requirements or 
equipment-space limitations. These 
glasses have relatively high softening 
temperatures, low rates of expansion, 
high electrical resistance, and excellent 
resistance to abrasion and "weathering," 

Aside from the insulating materials 
employed in envelopes and bases, insula- 
tion is used in tube construction for elec- 
trode spacers. Spacers must be made of 
material which is unaffected by heat and 
can be. formed with extreme accuracy. 
In small, glass-bulb type, low-power 
tubes, spacers are generally disks or wa- 
fers of high-quality mica; in larger tubes, 
they are usually bars or cross-arms of a 
low-loss refractory insulating material. 

In many cases, insulating spacers 
are also used for centering the electrode 
assembly within the envelope. The mica 
wafers used for this purpose in smaller 
tubes sometimes incorporate special 
structural features which absorb vibra- 
tion and mechanical shocks transmitted 
through the envelope. Refractory spacers 
are usually equipped with shock-absorb- 
ing metal springs at the points of con- 
tact with the envelope. However, in some 
power tubes, the cage grids have a canti- 
lever design which eliminates the need 
for such insulating spacers and results 
in a simplified construction using fewer 
parts. 

In some high-power tubes and tubes 

designed for operation at very-high and 
ultra-high frequencies, parts of the elec- 
trode structure are utiUzed m the tube 



envelope. For example, in metal-glass 
types such as the 6161, the metal sec- 
tions of the envelopes, which are exten- 
sions of the internal electrodes, provide 
convenient terminal connections, espec- 
ially in cavity-type circuits. The inter- 
mediate glass sections provide the re- 
quired interelectrode spacing and insu- 
lation. 

As a result of new processing tech- 
niques, high-alumina ceramic is now 
widely used in tube envelopes and 
spacers. The flat surfaces of the ceramic 
spacers can be economically ground and 
metalized for use in the assembly of the 
metal parts. In the metalizing process, a 
finely divided molybdenum powder sus- 
pended in a binder s applied to the 
spacer by an adaptation of the silk- 
screen printing process and sintered on- 
to the surface. The spacers are then 
nickel plated to improve the wetting ac- 
tion during brazing. Metalized spacers 
can be used as part of the tube envelope. 

This type of envelope structure per- 
mits realization of good tube efficiency 
at ultra-high frequencies by the virtual 
elimination of objectionable lead reac- 
tances and losses in internal insulation. 
The metal sections of these envelopes 
are also used as electrode terminals, 
mounting facilities, heat-radiating sur- 
faces, and often interelectrode shields. 
Pure copper is used for most of these 
envelope sections because of its high 
thermal and electrical conductivity and 
its high ductility, which readily permits 
the fabrication of special shapes. 

In several ceramic-metal tubes, the 
plate sections of the envelopes are fitted 
with special radiators which make it 
possible to obtain substantially increased 
heat dissipation by the use of forced-air 
cooling and thus permit the use of rela- 
tively small tubes in high-power circuits. 
The grid-No.2 or screen-grid sections of 
the envelopes of some ultra-high-fre- 
quency metal-glass tubes provide exter- 
nal shielding between the grid-No. 1 and 
plate sections. In the 7552 and other 
"pencil"-type tubes, the flange-type grid 
sections of the envelopes act as shields 
between the plate and cathode sections 
and thus minimize feedback when these 
tubes are used as amplifiers in ultra- 
high-frequency cathode-drive circuits. 
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The power tubes listed in this Man- 
ual represent the RCA types most fre- 
quently used in transmitters and other 
radiofrequency (rf) power equipment 
operating at power-input levels up to 
approximately 4 kilowatts and at fre- 
quencies up to approximately 3000 meg- 
acycles per second. These tubes may in 
general be used as audio-frequency (af) 
or video-frequency power amplifiers or 
modulators, as modulated or unmodu- 
lated rf power amplifiers, as frequency 
multipliers, or as oscillators. The variety 
of draigns repr^ented includes types 
suitable for use in practically all forms 
of communications and industrial or 
scientific service. 

Amprificaiion 

Although power-tube applications 
may involve different circuit arrange- 
ments and operating conditions, they 
may all be considered forms of amplifier 
service in which the control voltage is 
applied between the grid (grid No.l in a 
multigrid tube) and the cathode, and 
the output is taken from the plate cir- 
cuit. (Oscillator service may be con- 
sidered a form of amplifier service in 
which the output is fed back to the in- 
put.) Consequently, it is convenient to 
define tube operation in terms of the 
relationship between grid voltage and 
plate current when all other electrode 
voltages are held constant. This rela- 
tionship, called the "mutual" or "trans- 
fer" characteristic of the tube, has the 
general form shown in Fig. 15. A system 
of classification based on this relation- 
ship is universally recognized by tube 
manufacturers and equipment designers. 

In this system of classification, a 
portion of the generalized mutual char- 
acteristic is divided, as shown in Fig. 15, 
into three regions, A, B, and C, repre- 
senting respectively the 'linear" region, 
the region in the immediate vicinity of 
plate-current cutoff, and the region be- 
yond cutoff. Tube operation may also be 
considered in three niajor categories- 
class A, class B, and Class C— each of 
which represents the type of response 
obtained when the operating point is in 



the corresponding region of the charac- 
teristic. 

In class A operation, the operating 
point is centered in region A so that the 
tube can respond to both positive and 
negative excursions of grid voltage. In 
this type of operation, plate current 
flows at all times. 

In class B operation, the operating 
point is in the vicinity of cutoff so that 
the tube can respond to positive excur- 
sions of grid voltage. In this l^e of op- 
eration, plate current flows for approxi- 
mately one half (180 degrees) of each 
cycle of an alternating grid voltage. 




In class C operation, the operating 
point is in the region beyond cutoff so 
that the tube can respond on^ to those 
portions of positive grid-voltage excur- 
sions which are positive with respect to 
the cutoff point. In this type of oper- 
ation, plate current flows for less than 
one half (less than 180 degrees) of "each 
cycle of an alternating grid voltage. 

A fourth class of operation, class 
AB, is also used. In this class of oper- 
ation, the operating point is in the lower 
portion of region A so that the tube re- 
sponds unequally to positive and nega- 
tive grid-voltage excursions above a cer- 
tain amplitude. Consequently, the dura- 
tion of plate-current flow on each cycle 
varies with thie amplitude of the alter- 
nating grid voltage. In this service, plate 
current flows for more than one half 
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(180 degrees) of each cycle, but for less 
than the entire cycle. 

The suffix 1 may be added to the 
letter or letters of a class identification 
to denote that grid current does not flow 
during any part of the grid-voltage cycle. 
The sufiix 2 may be used to denote that 
grid current flows during some part of 
the cycle. In most cases, these suffixes 
are used only for class Ai or class' ABi 
and ABa operation. 

Class A Amplifiers 

The basic circuit and operating 
characteristics of a class A amplifier are 
shown in Fig. 16. The operating point is 
centered on a linear portion of the dy- 
namic transfer characteristic by the use 
of a suitable negative grid bias. The am- 
plitude of the dri-ving signal (alternating 
grid voltage) is controlled so that the grid 



choice of operating conditions. For sym- 
metrical driving voltages, the dc plate 

current remains substantially constant 
at the quiescent (zero-signal) value. 

Because operation of a class A am- 
plifier is restricted to the linear region of 
the characteristics, the maximum plate- 
current swing available between cutoff 
and saturation is not fully utilized. Con- 
sequently, the power output, which is 
proportional to the square of the plate- 
current swing, is somewhat limited.The 
highest theoretical plate-circuit effici- 
ency (ratio of output power to input 
power) obtainable under class A condi- 
tions is 50 per cent. Efficiencies in the 
order of 40 to 45 per cent can be achieved 
in certain beam power tubes and pen- 
todes, and efficiencies of 25 to 30 per 
cent in triodes. 

Although class A power amplifiers 
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is never driven sufficiently negative with 
respect to the cathode to cut off the plate 
current of the tube. Plate current, there- 
fore, flows during the entire signal cycle 
(860-degree conduction). Although the 
general terms of class A operation per- 
mit the use of the grid-current re^on 
(class operation), the driving voltage 
is usually kept smaller than the grid 
bias so that the grid is not driven posi- 
tive with respect to the cathode and, 
consequently, does not draw current. 
Uncier these conditions (class Ai opei^ 
ation), waveform distortion (variation 
of output-signal waveshape from that of 
input signal) consists principally of even- 
order harmonics and can easily be limited 
to less than 5 per cent of full output in 
triodes and less than 7 per cent of full 
output in multigrid tubes by a proper 



have limited power output and poor 
efficiency, they are extremely economical 
from the standpoint of equipment re- 
quirements. Because they do not require 
driving power and, therefore, have 
high input impedance, they may be 
driven by low-cost voltage amplifiers 
emplojnng direct coupling or simple re- 
sistance-capacitance coupling networks. 
Because the average plate currents re- 
main substantially constant, plate sup- 
plies need not be designed for good regu- 
lation. The constant average plate 
current and moderate grid-bias voltage 
requirements also make it practicable to 
use self-bias without danger of excessive 
distortion, thus eliminating the expense 
of special bias supplies. 

The power output required for a 
particular application may be obtained 
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either from a single tube having suitable 
ratings, or from two or more tubes oper- 
ated in parallel, push-pull, or push-pull- 
parallel. Although single-tube stages are 
usually the most efficient electrically 
and the simplest mechanically, parallel 
and push-pull stages can provide sub- 
stantial aimounts of power output from 
relatively small and inexpensive tubes 
operating at low plate voltages. 

In general, the power output that 
can be obtained from a given number of 
tubes is the same in parallel and in push- 
pull operation. Each method, however, 
has advantages. Parallel operation im- 
proves stability and output regulation 
because it reduces plate resistance in 
direct proportion to the number of tubes 
employed. In addition, it is usually the 
simplest and most convenient method of 
adding tubes to an existing stage be- 
cause it does not require a change in cir- 
cmt configuration or an increase in 
driving voltage. It does not, however, 
reduce harmonic distortion in relation 
to total power output, and may actually 
result in an increase in the total har- 
monic output unless certain precautions 
discussed in the Poiver-Tuhe O-perating 
Conditions and Adjustments Section are 
observed. 

A push-pull stage requires a driv- 
ing circuit supplying two signal voltages 
180 degrees out of phase (each equal to 
the voltage required by a single tube) 
and a center-tapped output transformer 
or load. Because push-pull operation in- 
creases effective plate resistance, it re- 
sults in poorer output regulation. How- 
ever, it provides a number of very 
important advantages. 

Even-order harmonics generated in 
the opposite sides of a push-pull stage 
develop voltages of opposite polarity 

and substantially equal amplitude in the 
load, and are thus cancelled or sub- 
stantially reduced in relation to the total 
power output. Consequently, a push- 
pull stage can deliver output of sub- 
stantially better qufUity than a parallel 
stage using the same tuhos and operating 
under the same conditions, or it can de- 
liver higher output for the same amount 
of even-harmonic distortion. Higher 
power output per tube can also be ob- 
tained without an increase in plate volt- 
W by the use of a plate-to-plate load 



resistance only slightly larger than that 
recommended for single-tube operation. 
Although odd-order harmonic distortion 
is not cancelled or reduced by push-pull 
operation, this type of distortion is usu- 
ally negligible in class A amplifiers, and 
may be minimized by the proper choice 
of operating conditions or by the use of 
inverse-feedback circuit arrangements. 

Hum caused by the presence of rip- 
ple in dc plate, screen-grid Cgrid-No.2), 
or bias (grid-No.l) supply voltages, or 
by the use of ac filament or heater volt- 
ages, is also cancelled or substantially 
reduced in a push-pull stage. Push-pull 
operation thus simplifies power-supply 
filter requirements. Furthermore, it fre- 
quently eliminates the necessity for at- 
tenuating the low-frequency response of 
an audio or video amplifier to reduce 
interference from power-supply hiun. 

Push-pull af power amplifier stages 
can employ substantially smaller and 
less expensive output transformers than 
those required for equivalent single- 
ended stages. They are also inherently 
capable of better high-frequency re- 
sponse because corresponding tube and 
circuit capacitances are in series rather 
than in parallel, and thus cause sub- 
stantially less shunting <^ the input and 
output circuits. 

Class B Amplifiers 

The highest efficiencies and power 
outputs attainable in linear amplifiers 





Fig. 17 

are obtained under class B conditions. 
As shown graphically in Fig. 17, a class 
B amplifier is biased so that its operating 
point is just above plate-cuirrent cutoff. 
The tube, therefore, draws a very small 
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zero-signal plate current, and responds 
only to the positive portions of an ac 
Input signal. Because the operating 
characteristic is highly asymmetrical, 
the plate-current waveform contaiiM a 
large amount of even-harmonic distor- 
tion and is similar to that of a half-wave 
rectifier. 

In class B af amplifiers, push-pull 
circuits such as that shown in Fig, 18 
are used to obtain cancellation of the 
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even-harmonic distortion and amplifica- 
tion of both positive and negative por- 
tions of the signal waveform. In class B 
rf amplifiers, on the other , hand, com- 
plete oscillations can be obtained from 
pulses of plate current in single-ended 
stages by the use of a tuned plate-tank 
circuit. 

Because of the small zero^ignal 
plate current, class B amplifiers may use 
higher plate voltages than are permis- 
sible for class A operation without danger 
of exceeding maximum plate-input rat- 
ings. The use of higher plate voltage and 
operation in the positive-grid r^on re- 
sults in power outputs of four to six 
times the class A output. 

Theoretically, the highest plate- 
circuit efficient^ that can be acMeved 



under class B conditions is 78.5 per cent. 
This value may be closely approached 
in well-designed class B audio amplifiers. 
To achieve maximum power output and 
efficiency in a class B stage, however, it 
necessary to supply driving power to 
the grids. Because the average plate cur- 
rent and grid current vary with the am- 
plitude of the driving signal, the plate 
supply must have very good voltage 
regulation so that serious distortion and 
loss of power output will not occur on 
large input signals. For the same rea- 
sons, bias must be obtained from a sepa- 
rate, stable, fixed supply, and not from 
a grid resistor or cathode resistor. 

As a result of the discontinuity in 
the composite characteristic of a push- 
pull class B audio amplifier, shown in Fig. 
18, the plate current never falls to zero, 
but transfers abruptly from one tube to 
the other each time the driving voltage 
swings through the operating point.This 
"switching"action results in the genera- 
tion of an odd-harmonic component 
which cannot be cancelled by push-pull 
operation and, because of its steep wave- 
form, may cause spurious oscillations in 
the output transformer. The amplitude 
of this harmonic can be minimizpd by 
moving the operating point toward the 
linear region of the tube characteristic, 
i.e.t by increasing the zero-signal plate 
current and thereby reducing the 
plate-circuit efficiency. The most desir- 
able tubes for class B audio service, 
therefore, are those having very steep 
mutual characteristics and very short 
"lower bends" so that the discontinuity 
in the composite characteristic will be 
small even when the operating point is 
very close to cutoff. 

Because of their linearity and rela- 
tively high efficiency, class B amplifiers 
are particularly suitable for use as out- 
put amplifiers in rf transmitters employ- 
ing "low-level" amplitude modulation. 
Modulation appUed to the final or out- 
put stage of a transmitter is called''high- 
level" modulation; that applied to any 
stages preceding the final stage is called 
"low-level" modulation. When "low- 
level" amplitude modulation is em- 
ployed, any stages following the modu- 
lated amplifier must be linea- nmplifiefs 
to avoid distortion of the modulated rf 
waveform. The circuit of a typical class 
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B linear rf output stage is shown in 
Fig. 19. 

The quiescent plate current of a 
class B rf amplifier, unlike that of its af 
counterpart, is not approximately zero 
but is proportional to the amplitude of 

the unmodulated rf driving signal or 
carrier. Consequently, the maximum 
efficiency is lower than that obtainable 
in af service, and varies from approxi- 
mately 33 per cent for an unmodulated 
carrier to approximately 66 per cent for 
a fully modulated carrier. With sym- 
metrical modulating voltages, the aver- 
age plate current remains constant, and 
it is not necessary to employ a regulated 
plate supply. 

The high degree of linearity re- 
quired for the reproduction of complex 
modulated rf waveforms may be ob- 
tained by careful control of the position 
of the operating point and the maximum 
and minimum amplitudes of the modu- 
lated driving signal. Consequently, bias, 
tuning, and other operating adjustments 
for class B linear rf amplifiers are tisually 
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much more critical than those for other 
types of rf power amplifiers. 

Class B linear amplifiers are used as 
output amplifiers in single-sidelmiid, 
supprcssed-curricr radiotelephone 
transmitters. Because of the specialized 
modulation used in this type of trans- 
mission, the rf linear ampUfi^^ for this 
service are discussed under Power-Tvhe 
CircwU^Des^ CmsideraHm»^ 



Class AB Amplifiers 

Multigrid tubes and low-mu triodes 
are not usually recommended or rated 
for use as class B audio-frequency am- 

pUfiers. Multigrid types generate large 
amounts of odd-harmonic distortion 
when operated in the vicinity of piate- 
current cutoff, and low-mu triodes re- 
quire uneconomically large fixed-bias 
voltages and relatively high driving 
power. These types can, however, de- 
liver relatively high output with low 
distortion and good efficiency when 
operated under class AB conditions. 

Class AB operation is an inter- 
mediate classification combining certain 
characteristics of both class A and class 
B operation, as shown in Fig. 20. Like 
class B operation, it resulte in severe 
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Fig. 20 

even-harmonic distortion and, conse- 
quently, requires the use of a push-pull 
circuit when used in audio or video 
service. The bias is adjusted so that the 
operating point is in the lower portion 
of the linear region of the characteristic. 
Because of the relatively small quiescent 
plate current, the tube can be operated 
at a higher plate voltage than would be 
permissible under class A conditions, 
and can thus deliver a higher maximum 
power output. 

On small input signals, operation 
takes place over a substantially linear 
region of the characteristic, and the tube 
operates as a class A amplifier. On large 
input signals, however, the negative 
grid-voltage excursions extend into the 
region beyond cutoff, luid the tube 
operates, as a class B anipHfier. ^ 
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In class ABi operation, the grid is 
never driven sufficiently positive to draw 
current. Because no driving power is re- 
quired under these conditions, class ABi 

amplifiers, like class A amplifiers, may 
be driven by voltage amplifiers using 
direct or resistance-capacitance cou- 
pling. In class AB2 operaition, the grid is 
driven positive by the larger Input sig- 
nals and, therefore, draws current. Class 
AB 2 amplifiers thus require driving 
power, but can deliver substantially 
higher power outputs than class ABi 
amplifiers because of the larger plate- 
current swings that can be achieved. 

The average plate current of a class 
AB amplifier varies with the amplitude 
of the driving signal, although this varia- 
tion is smaller under class ABi than 
under AB2 conditions. Consequently, 
plate and screen-grid (grid-No. 2) sup- 
plies for these amplifiers must have good 
voltage regulation to assure that the full 
output capabilities of the tubes can be 
realized and the harmosic distortion 
kept low. Cathode-resistor bias can be 
employed for class ABi amplifiers, al- 
though higher power output and lower 
distortion can usually be obtained by 
the use of fixed bias. Fixed bias must be 
used for class AB2 amplifiers. 

The plate-circuit efficiencies that 

can be attained in class AB] amplifiers 
range from about 30 to 40 per cent for 
triodes to as high as 50 to 60 per cent 
for multigrid tubes. Efficiencies of 60 to 
70 per cent can be attained in beam 
power tubes used as class ABj amplifiers. 

Class C Amplifiers 

Maximum power output and plate- 
circuit efficiency can.be obtained from 
triodes or multigrid tubes under class C 
conditions. Because these advantages 
are obtained at the expense of linearity, 
class C amplifiers cannot be used if it is 
necessary to reproduce variations in the 
waveform of the driving signal. Class C 
amplifiers can be modulated linearly. 
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however, and are extremely useful as rf 
power amplifiers, frequency multiplien, 
and oscillators. 

A class C amplifier is operated with 
a negative control-grid (grid-No.l) Was 

substantially higher than that required 
for plate-current cutoff, as shown in Fig. 
21. The quiescent plate current, there- 
fore, is zero, and the tube responds 
only to those portions of positive grid- 
voltage excursions which are positive 
with respect to the cutoff voltage (indi- 
cated by the shaded areas of the input- 
signal waveform in Fig. 21). In practice, 
the grid is excited by an rf voltage hav- 
ing constant amplitude, and the plate- 
current waveform consists of relatively 
narrow pulses of equal height which 
have the same frequency as the excita- 
tion voltage but contain very strong 
odd- and even-order harmonic compo- 
nents. The height of these pulses (the 
peak plate current) is determined by the 
point on the transfer characteristic to 
which the tube is driven by the rf driv- 
ing voltage. For a given pulse height, 
the average or dc value of the plate cur- 
rent is determined by the pulse width 
{i.e., the conduction angle employed) 
and, therefore, varies inversely with the 
magnitude of the negative voltage for 
constant peak driving voltage. 

The power output of a class C am- 
plifier is proportional to the square of 
the plate voltage. Maximum power out- 
put is achieved when the excitation 
swings the plate current between zero 
and the saturation value during each 
conduction interval. To achieve this 
swing, it is necessary to drive the grid 
highly positive and, consequently, sup- 
ply it with a substantial amount of driv- 
ing power. The plate-circuit efficiency 
increases as the conduction angle is re- 
duced, and theoretically may reach 100 
per cent when the conduction angle is 
made infinitely small. Very small con- 
duction angles usually cannot be ob- 
tained, however, without increasing the 
bias and excitation voltage to such high 
values that they exceed the maximum 
grid-voltage ratings of the tube. Driv- 
ing-power requirements, which increase 
as the square of the excitation voltage, 
are also a limiting factor. However, 
plate-circuit efficiencies of 75 to 80 per 
cent are easily achieved. 
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The large grid-bias voltages re- 
quired by class C amplifiers are con- 
veniently and economically obtained by 
grid-rectification of the driving voltage 
(grid-resistor bias). This type of bias 
automatically adjusts itself to the am- 
plitude of the excitation voltage to main- 
tain the desired conduction angle, and 
allows the full plate-supply voltage to 
be applied between the plate and cath- 
ode of the tube. (Because grid-resistor 
bias depends on the presence of excita- 
tion, it is also necessary to employ some 
means for protecting the tube against 
damage by excessive plate current in the 
event that excitation fails or is acci- 
dentally removed.) 

Class C Telegraphy 

The term "Class C Telegraphy" 
applies to applications in which power 
tubes may be operated at their high^t 
ratings. It includes "straight-through" 
rf power amplifiers which arenof'keyed" 
or modulated as well as those which are 
actually "keyed" for telegraphy service, 
oscillators, and amplifiers for frequency- 
modulated rf carriers. 

The circuit of a typical "straight- 
through" class C rf amplifier employing 
a beam power tube is shown in Fig. 22. 
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The output circuit or "plate tank" is 
tuned to the excitation frequency, and 
the bias is such that the conduction 
angle is approximately 140 degrees. The 
power output is controlled by adjust- 
ment of the plate and screen-grid (grid- 
No.2) supply voltages, the load coupling, 
md the rf excitation. 

Triode "straight-through"rf ampli- 
fiera must be neutralized to prevent self- 



oscillation resulting from internal feed- 
back through the grid-plate capacitance. 
Multi grid-tube "straight-through" am- 
plifiers may also require neutralization 
to assure stability at the higher radio 
frequencies. 

The circuit of a "keyed" class C rf 

amplifier is essentially the same as the 
one shown in Fig. 22 except that a 
"key" (a manually or automatically 
operated switch) is inserted in the plate, 
screen-grid, or cathode circuit. 

The circuit and operating condi- 
tions of a class C amplifier for frequency- 
modulated signals are the same as those 
shown in Fig. 23 and described above. 
The only special consideration involved 
in the operation of such an amplifier is 
that the plate-tank circuit must be de- 
signed to have constant impedance over 
the entire frequency band covered by 
the carrier at maximum deviation. 



Modulated Class C Amplifiers 

The plate current of a class C am- 
plifier is proportional to plate voltage 
and, in the case of a multigrid tube, to 
screen-grid (grid-No.2) voltage. Within 
certain limits it is also proportional to 
control-grid (grid-No. 1) bias and, in the 
case of certain pentodes and beam power 
tubes, to suppressor-grid (grid-No.3) 
voltage. Consequently, the output of a 
class C rf power amplifier can be modu- 
lated in amplitude by varying one or 
more of its dc electrode voltages in ac- 
cordance with the amplitude variations 
of an audio or video signal. 

Distortionless modulation requires 
that the relationship between the dc 
control voltage and the plate current 
be linear, and that both vary between 
zero and twice their unmodulated values 
on the peaks of the modulating signal. 
Under these ideal conditions, the peak 
power output of the class C amplifier at 
full (100-per-cent) modulation is 4 times 
the unmodulated output, and the aver^ 
age power output 1-5 times the unmodu- 
lated output. 

Plate input and plate dissipation 
also increase 50 per cent when a class C 
amplifier is fully modulated. For plate 
modulation, therefore, the plate input 
and dissipation under carrier conditions 



21 



RCA Transmitting Tubes 



must not exceed two-thirds the maxi- 
mum values for class C telegraphy. For 
control-grid, screen-grid, suppressor- 
grid, or cathode modulation, the permis- 
sible do plate input is even smaller. 
Maximum do plate-voltage and plate- 
current ratings for modulated class C 
amplifiers are usually not more than 80 
per cent of the class C telegraphy values. 

The audio or video power required 
for 100-per-cent modulation of a class C 
amplifier is equal to one-half the dc 
power input to the modulated circuit. 
For symmetrical modulating voltages, 
the dc plate current of the modulated 
amplifier and the dc supply voltage and 
current of the modulated-electrode cir- 
cuit remain constant. The additional 
power output obtained by amplitude 
modulation does not increase the carrier 
power, but is equally divided between 
two symmetrical "sideband" signals. 

The method of modulation that 
provides the greatest plate-circuit effi- 
ciency and linearity is plate modulalioh. 
In this method, the modulating volt- 
age is. connected in series with the dc 
plate supply for the class C amplifier, 
as ahown in Fig. 23. In a beam power 
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tube, pentode, or tetrode, lOO-per-cent 
plate modulation can be obtained with- 
out serious distortion on modulation 
peaks if the screen-grid (grid-No.2) volt- 
age is modulated simultaneously with, 
and in the same proportion as, the plate 
voltage. The method used to modulate 
the screen grid depends on the type of 
screen-grid-supply circuitused. Ifscfeen- 
grid voltage i^ obtained from a separate 



supply, the method shown in Fig. 24(a) 
may be used. If screen-grid voltage is 
obtained from the plate supply through 
a series resistor, the resistor should be 
connected to the modulated side of the 
plate supply circuit, as shown in Fig. 
24(b). In all such cases, the modulator 
must be capable of supplying af power 
at least equal to one-half the combined 
dc inputs to the plate and screen-grid 
circuits. 

A circuitin which modulation power 
is applied only to the plate of a beam 
power tube is shown in Fig. 24(c). The re- 
actance of the af choke at the lowest 
modulating frequency should be at least 
equal to the dc screen-grid voltage di- 
vided by the dc screen-grid current. 

The plate-circuit efficiency of a 
plate-modulated class C amplifier is 
usually in the order of 65 to 70 per cent. 

Control-grid (grid-No. 1) or "grid- 
Lias" moduiatiou requires very little 
modulating power and can provide good 

linearity. However, the power output 
obtainable is only one-third to one-half 
that obtainable with plate modulation, 
and plate-circuit efficiency is not usually 
greater than 33 per cent. 

In control-grid modulation, the 
audio or video modulating voltage is 
connected in series with the bias supply 
for the class C amplifier. Consequently, 
the operating point of the modulated 
amplifier varies with the modulation. In 
order to obtain lOO-per-cent modulation 
with good linearity, the plate current 
and effective plate voltage must swing 
between zero and twice their unmodu- 
lated values on the peaks of the modu- 
lating signal. The dc plate voltage, there- 
fore, can only be abbut one-half that for 
plate modulation. Operating conditions, 
plate-circuit efficiency, and power out- 
put are almost identical with th<^e for 
class B rf service. 

The modulator must be capable of 
supplying the power required by the grid 
of the modulated amplifier on the posi- 
tive peaks of the modulating signal. It 
must also have good output regulation 
because of the wide variation in the load 
impedance presented by the grid-circuit 
over the entire modulation cycle. The 
driver supplying the unmodulated car- 
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rier and the bias supply for the modu- 
lated, amplifier must also have very good 
regulation to avoid serious distortion. 
Bias must be obtained from a separate 
low-impedance, fixed supply, and not 
from a grid resistor or cathode resistor. 

Because pentodes and beam power; 
tubes are substantially free from the sec- 
ondary-emission effects which occur in 
other multigrid types when the screen 
grid (grid No.2) becomes more positive 
than the plate, they may use screen-grid 
modulation without danger of serious 
distortion. Screen-grid inodiilatioii is 
similar to grid-bias modulation in that 
it requires relatively little af power, and 
provides substantially the same power 
output and efficiency. Unlike grid-bias 
modulation, however, it does not require 
the use of fixed bias or good driver regu- 
lation. 

When screen-grid voltage is ob- 
tained from a separate supply, the modu- 
lating voltage may be connected directly 
in series with the supply circuit, as shown 
in Fig. 25 (a) .When screen-grid voltage is 
obtained by the series-resistor method, 
itisgenerallynecessarytousethe "clamp- 
tube" method of modulation shown in 
Fig. 25(b). 

Suppressor-grid (grid-No.3) mod* 
ulation can be used with certain beam 
power tubes and pentodes. Operating 
conditions are similar to those used in 
screen-grid modulation, except that the , 
suppressor grid is supplied with a fixed 
negative dc bias voltage in addition to 
the modulating voltage. This bias volt- 
age is adjusted so that the plate current 
and rf output current of the modulated 
amplifier under carrier conditions are 
one-half those obtained in class C teleg- 
raphy service with zero voltage on the 
suppressor grid. Under these conditions, 
the modulator is required to supply only 
a peak voltage equal to the suppressor- 
grid bias, and does not have to supply 
power because the suppressor-grid is not 
driven positive. Suppressor-grid modu- 
lation has only limited application, how- 
ever, because relatively few beam power 
tubes and pentodes have the neccessary 
linear relation between suppressor-grid 
voltage and plate current. 

Cathode modulation combines the 
characteristics of plate and grid-bias 
modulation. The modulating voltage is 
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introduced in the common do cathode- 
return circuit of the class C amplifier 
and, therefore, varies the plate volt- 
and grid bias simultaneously. This 
method requires leas modulating power 
than plate modulation, and permits the 
modulated amplifier to be operated with 
a plate-circuit efficiency proportional to 
the amount of modulating power avail- 
able. However, the power output ob- 
tainable is less than that obtainable with 
plate modulation. 

The type of coupling used between 

a modulator and the modulated circuit 
of a class C rf amplifier depends prima- 
rily on the amount of modulating power 
required. In suppressor-grid modidation 
or " clamp-tube" soreen-grid modulation, 
it is usually practicable to use resistance- 
capacitance or impedance coupling be- 
cause little or no modulating power is 



required. In other cases, it is usually 
necessary to employ transformer cou- 
pling to obtain proper impedance match- 
ing and most efficient use of the avail- 
able modulator power. 

The bypass capacitors shown in 
Figs. 23 through 25 should have very 
low reactance at the rf carrier and side- 
band frequencies and high reactance at 
the highest modulating frequency. The 
modulation transformer must convert 
the equivalent resistance of the modu- 
lated dc supply circuit into the proper 
plate or plate-to-plate load resistance, 
Z, for the modulator output tubes and, 
consequently, should have a primary- 
to-secondary turns ratio, Ni/Ng, equal 
to -y/Zl/E, where I and E are the aver- 
age current and dc input voltage of the 
modulated circuit, respectively. 

The value used for I in this calcu- 
lation is the current imder carrier condi- 
tions (no modulation). In the case of 
plate modulation it is the total dc plate 
current; in the case of combined plate 
and screen-grid modulation using series- 
resistor screen-grid supply, it is the sum 
of the dc plate and screen-grid currents. 
In the case of grid-bias modulation, I is 
the dc grid current and E the grid-bias 
voltage. 

Frequency Multiplication 

Any amplifier which generates har- 
monics can be used as a frequency multi- 
plier provided the desired harmonic of 
the excitation frequency is present in 
the plate-current pulse. The fundamental 
and other harmonics may then be elimi- 
nated by means of a plat^tank circuit 
tuned to the desired harmonic. This pro- 
cedure can be repeated in successive 
stages as often as desired. 

By frequency multiplication, high- 
frequency carriers having a very high 
degree of frequency stability can be ob- 
tained. Frequency multiplication also 
makes it possible to obtain output in 
several harmonically related frequ^cy 
bands (such as those assigned for ama- 
teur service) from a single oscillator cir- 
cuit. For example, an oscillator operating 
in the 80-meter band (at a frequency be- 
tween 3.5 and 3.58 megacycles per sec-- 
ond) can be used with a series of fre- 
quency-doubler stages to obtain output 
in the 40-, 20-, and lO-meter bands. 
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Frequency multipliers are almost 
invariably class C amplifiers becaxise 
maximum harmonic output can be 
achieved under class C conditions. When 
a cbiss C amplifier is operated under 
the conditions normally employed for 
"straight-through" amplifier service, 
however, its efficiency as a frequency 
multiplier is relatively poor because 
even the strongest harmonics represent 
only a small fraction of the total power 
output. To obtain good efficiency in 
multiplier service, it is necessary to se- 
lect a plate-conduction angle which has 
high harmonic content at the desired 
harmonic frequency. Consequently, fre- 
quency multipliers require substantially 
higher bias and excitation voltages and 
more driving power than "straight- 
through" class C amphfiers. The plate- 
circuit efficiency that can be achieved 
is usually not more than 60 per cent 
(doubler operation), and decreases rap- 
idly as the degree of multiplication is 
increased. 

Frequency multiplication of more 
than four is seldom practicable in a sin- 
gle stage because of the relatively small 
output at the high harmonics and the 
large amounts of driving power required. 
Although a triode frequency multiplier 
does not require neutralization because 
the grid and plate circuits are not tuned 
to the same frequency, neutralization 
can be used to reduce the amplitude of 
undesired frequency components in the 
plate-current waveform and thus in- 
crease the output at the desired har- 
monic fref|uency. 

Because of its smaller conduction 
angle, a frequency multiplier is more 
sensitive to small changes in excitation 
voltage and loading than an equivalent 
"straight-through" class C amplifier 
and, therefore, has poorer output 
regulation. From the excitation stand- 
point, this difficulty can be minimized 
by the use of beam power tubes or 
pentodes rather than triodes. Improved 
regulation can also be obtained by the 
use of tubes in parallel. Very good out- 
put regulation can be obtained in dou- 
bler service by the use of a "pnsh-pnsh** 
circuit such as that shown in Fig. 26. In 
this type of circuit, the grids are excited 
in push-pull so that the tubes conduct 
alternately on successive half-cycles of 



the excitation voltage. Because the plates 
are connected in parallel, two pulses of 

plate current flow in the common plate- 
tank circuit for each excitation cycle, 
doubUng the power output and reducing 
the output impedance to one-half the 
value for one tube. 
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Additional information on the char- 
acteristics of frequency multiphers and 
the efficiencies obtainable for various 
degrees of multiplication is given in the 
Power-Tuhe CircuU-Design Conaidera- 
Hona Section. 

Oscillators 

RF power oscillators are usually 
class C amplifiers which obtain excita- 
tion from their own output circuits and 
employ either quartz crystals or induct- 
ance-capacitance tuned circuits as fre- 
quency-determining elements. Crystal- 
controlled oscillators can provide the 
highest degree of frequency stability, 
and are used in equipment which oper- 
ates entirely or predominantly on fixed 
frequencies or on fixed harmonically re- 
lated frequencies. In general, mechanical 
considerations make it impracticable to 
cut crystals for fundamental frequencies 
higher than about 20 megacycles per 
second. A technique known as "overtone 
operation," however, permits crystals 
to be used for the control of oscillators 
operating at frequencies up to 100 mega- 
cycles per second and higher. Repre- 
sentative crystal oscillators are shown 
in the Circuits Section. 
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Indurctance-capacitance frequency- 
determining elements are used for oscil- 
lators wliich must be capable of operating 
at any frequency within a specific band. 
They are also used for oscillators which 
must operate at frequencies above and 
below those for which crystals can be 
cut. The mechanical form of the LC 
tank and the type of oscillator circuit 
employed are usually determined by the 
operating frequencies involved. At the 
lower radio frequencies, well-designed 
electron-coupled oscillators employing 
conventional coils and tuning' capacitors 
can provide stabilities comparable to 
tliose obtained in crystal oscillators. 
When followed by suitable frequency- 
multiplier stages, such oscillators can be 
used to control equipment operating at 
frequencies up to about 30 megacycles 
per second. Tuned-line oscillators of the 
type shown in the Circuits Section arc 
usually employed in very-high-frequency 
(vhf) equipment. Ultra-high-frequency 
(uhf) oscillators usually require the luse 
of coaxial- or cavity-type circuits as fre- 
quency-determining elements. 

Circuit ConfiguraMon 

The amplifier applications discussed 
in this chapter have been illustrated by 
"grid-drive" circuits of the type shown 
in Fig. 16. In this type of circuit, the 
grid is employed as the "drive" elec- 
trode, the plate as the "output" elec- 
trode, and the cathode as the "ground" 
or reference electrode common to the 
input and output circuits of the tube. 

As mentioned previously, a grid- 
drive triode rf amplifier must be neu- 
tralized to cancel the regenerative feed- 
back which takes place through the grid- 
plate capacitance of the tube. Neutrali- 
zation, however, becomes less effective 
and more difficult to achieve as the 
operating frequency is increased because 
of unavoidable resonance effects in the 
components of the neutralizing circuit. 
These effects alter the phase of the neu- 
trali^g voltage and, in most cases, 
make it impossible to obtain neutraliza- 
tion at frequencies of more than a few 
hundred megacycles. Although multi- 
grid, tubes capable of operating as grid- 
drive uhf amplifiers are available, tri- 
odes are generally preferable for uhf 
service because of their lower noise and 



shorter electron-transit time, and be- 
cause their simpler electrode structures 
and power-supply requirements make 
them more readily adaptable to instal- 
lation in coaxial and cavity-type uhf 
tank-circuit components. 

In many cases, this difficulty may 
be overcome by the use of "cathode- 
drive" circuits such as that shown in 
Fig. 27. In this method of operation, the 
cathode is the "drive'* electrode and the 
grid is the "ground" electrode common 
to the input and output circuits. The 
grid thus acts as an electrostatic shield 
between the input and output terminals, 
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and reduces internal feedback in the 

same manner and to approximately the 
same degree as the screen grid , (grid 
No. 2) of a multigrid tube. 

A cathode-drive amplifier requires 
more driving power than a grid-drive 
amplifier because its input is shunted 
not only by the grid-cathode capacitance 
but also by the plate resistance, rp, and 
load resistance, Rl, in series. This addi- 
tional power is not wasted, however, but 
is added to the output because the driv- 
ing voltage and plate-supply voltage are 
effectively in series across the load. The 
input of a cathode-drive amplifier is also 
shunted by the heater-cathode capaci- 
tance or by the capacitance to ground of 
the filament-supply circuit. This capaci- 
tance, however, may be neutralized by 
the use of suitable rf chokes in the heater 
or filament circuit. 

A "cathode follower," shown in 
Fig. 28, is a grid-drive amplifier in which 
the cathode is used as the output elec- 
trode and the plate as the groimd or 
common terminal of the input and out- 
put circuits. Because the grid-cathode 
capacitance of the tube does not shunt 
the driving circuit, the cathode follower 
has higher input impedance than a con- 
ventional grid-drive amplifier and, con- 
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sequcntly, requiriis less driving power 
for the same power output. The output 
impedance, which is composed ol the ex- 



tefual cathode resistance, R^t tli4 
plate resistan ce, Tp, of the tube in paral- 
lel, can be made as low as desired by thi 
use of a suitable cathode resistor. Be- 
cause the driving voltage and output are 
both developed across Rk, the voltage 
gain cannot exceed unity. Substan^ai 
power gains can be odueved, however, 
by tlie transformation from a high to a 
low impedance. 

Because the voltage gain of a eath- 
ode follower \a always less than unity, 
this type of amplifier cannot oscillate 
and, therefore, does not require neu- 
tralisation, regardless of the opiating 
frequency. 
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Tiie performance of a power tube 
depends not only on the conditions un- 
der which the tube is operated but also 
iOL the design of the associated circuits. 

Proper circuit design assures eeo- 
nomieal and effective use of tubes and 
other components, simpUfies eqiupment 
adjustment, provides for stable opera- 
tion, thereby nunin^izing the iikelibood 
of interference with other sendees^ and 
provides a substantial measure of pro- 
tection for the eciuipment, as weU as 
greater pessonal safety. 

In the production of moderate to 
large amounts of power at audio or radio 
frequencies, a signal or voltage having 
smtable characterbtics is uaudly gen- 
erated at a low power level. This signal 
la then amplified in one or more stages 
until the desired power level is achieved. 
In rl equipment, one or more amplifier 
stages may also be xised to modify some 
characteristic of the signal, such as fre- 
quency, phasOt or instantaneous ampli- 
tude.Con8e<|uently,the individual^tages 
usually operate under substantially dif- 
ferent conditions. Power-tube equip- 
ment, therefore, is designed one stage 
at a time, the usual procedure bmng to 
start with the output stage and work 
backward through preceding stages to 
the oscitlator or input stage of the 
equipment. The design of a stage in- 
volves selection of the most suitable 
tube type; design of input and output 
coupling circuits; design of power-aup^ 
ply eiremts; deaiga of dreuits lor con- 
trolling rain or power output, or for 
varjing the instantaneous amplitude, 
frequency, or phase of the output signal; 
and provision of meains for stabilization 
against self-(^cillation or other condi- 
tions which may result in interference, 
unauthorized radiations, distortion, or 
other undesirable eBfeets. 

In af equipment, all Stages usually 
operate into non-rcso&ant loads and 
have substantiaUy the same frequen<^- 

response characteristics. The dc Input 
to the tubes is coastant, and powor out- 
put is controlled by attenuation of the 
signal at a relatively iow4ev^ point in 
the system and/or by the use of remote- 



cutoff tubes. Input, interstage, and out- 
put coupling is fixed, and control of 
over^l frequency response, where re- 
quired, Is usually acciomplished by fixed 
or adjustable filters in one or more 
Stages. Stabilization seldom involves 
procedures other than those necessary 
to prevent self-osdllation or minimize 
distortion. 

In rf power-tube equipment, all 
stages usuijly operate Into resonant 

loads. In a transmitterj individual stages 
may operate at dilf erent f requencie:> and, 
in many cases, each stage must also be 
capable of operating at any frequency 
-sv-ithin one or more bands. The power 
output of an rf stage is controlled by ad- 
lustment of the dc input, rf eiLcitation, 
and loading. In transmitters, considera- 
tion must also be given to the design of 
* 'keying" or modulating circuits. Be- 
cause the input and output impedances 
of rf amplifier stages varj' consideraibly 
with changes in operating frequency, ex- 
citation, and loading, iniexsiagt^ and 
output coupling circuits are generally 
made adjustable. 

Stabilization of rf equipment usually 
involves the elimination not only of self- 
osciUation, but also of undedred bar* 
monies, and may also involve the isola- 
tion and elimination of parasitic oscilla- 
tions in circuit components and wiring. 

Tube Seloclion 

The ejection of the most suitable 
tube type for a particular appiication 
depends to a large extent upon the type 
of primary power available and the de- 
sired power sensitivity. Tubes having 
the same filament voltage or current 

rating:^ should be UHc.d throughout the 

equipment wherever possible to simplify 
power-supply requirements. Drivings 
power requirements vary widely with 
application, operating frequency, type 
of circuit employed, and other factors. 
Because of its importance in circuit de- 
sign, driving power is dUeussed at 
greater length later in this section. Me- 
chanical considerations sucli aij e.fjuip- 
ment space limitations, layout, and ven- 
tilation, as well as economic considefiip 
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tions, also affect tube selection. 

An initial selection of types having 
suitable filament-voltage, plate-voltage, 
plate-input, and i>late-dissipation rat- 
ings for a particular application can be 
made from the power -tube selection 
guides in the Application Tables Section. 
The final selection is then made by com- 
parison of the technical data for the in- 
dividual types. 

In the selection of a tube for use a.~ 
an unmodulated rf amplifier, frequency 
multiplier, or oscillator, the maximum 
plate-input and plate-dissipation ratings 
and the relative plate-circuit efficiency 
of the tube at the highest frequency at 
which the equipment is to operate must 
be considered. When ability to change 
frequency quickly is an important con- 
sideration in the design of a transmitter, 
it is desirable to select types which re- 
quire few or relatively minor changes in 
operating conditions with changes in 
frequency. In this respect beam power 
tubes and other multigrid types are 
generally superior to triodes. 

Additional factors which must be 
considered in the selection of tubes for 
use as modulated rf amplifiers depend 

on the type and degree of modulation to 
be employed, These factors are discussed 
in the Power-Tube Applications Section 
and in the Technical Data Section. 

Multiple-Tube Stages 

Most satisfactory operation of 
parallel, push-pull, or push-pull-parallel 
stages is obtained when the plate cur- 
rents of the individual tubes are equal. 
Equalization of average plate currents 
minimizes the danger of excessive plate 
dissipation in one or more tubes, partic- 
ularly in stages which obtain bias from a 
common fixed supply or a common grid 
resistor. Equalization of zero-signal plate 
currents in push-pull af amplifier stages 
substantially aids the cancellation of 
even-order harmonic distortion. For 
complete cancellation of even-order har- 
monics, the plate-current excursions in 
the two sides of a push-pull stage must 
also be equal. This type of equalization 
(dynamic balance) is difficult to achieve, 
however, because of the large number of 
tube and circuit variables involved. 

Zero-signal or average plate cur- 
rents in multiple-tube stages are most 



easily equalized by means of individual 

grid-bias adjustments. The particular 
method used in any case depends on the 
type of cathode employed in the tubes 
and on the circuit configuration. Two 
methods in general use are shown in 
Fig. 29. 

Multiple-tube stages employing 
beam power tubes and other multigrid 
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Fig. 29 



types should be provided with individ- 
ual adjustments for screen-grid (grid- 
No. 2) voltage as well as for control-grid 
(grid-No. 1 ) bias. Such adjustments make 
it possible to avoid excessive screen-grid 
dissipation in individual tubes ^d are 
frequently of considerable aid in obtain- 
ing plate-current equalization. 

AF Power Amplifiers 

Class A af power amplifiers do 
not normally draw grid current or re- 
quire driving power. Furthermore, they 
draw substantially constant plate and 
screen-grid currents and, therefore, can 
employ simple cathode-resistor (self) 
bias. After the most suitable tube type 
has been selected and the tube operating 
conditions determined, the principal 
considerations in the design of a class 
A amplifier are: (1) the selection of a 
driver capable of supplying the required 



29 



RCA Transmitting Tubes 



peak driving voltage; (2) the selection 
of input and output coupling devices 
having the desired frequency and im- 
pedance characteristics; (3) the selection 
of bypassing and decoupling components 
necessary to minimize hum, assure sta- 
bility, or improve the over-all frequency 
response. 

For this class of amplifier, the driver 
may be a class A voltage amplifier and 
the input-coupling device a simple re- 
sistance-capacitance network. Resist- 
ance-capacitance coupling provides good 
frequency-r«iponse characteristics eco- 
nomically and permits the use of simple 



class ABi af power amplifiers are sub- 
stantially the same as those for class A 
amplifiers, except that special considera- 
tion must be given to the characteristics 
of plate and screen-grid (grid-No.2) sup- 
ply circuits, and to the method used for 
obtaining grid bias. Because the average 
plate and screen-grid currents of a class 
ABi amplifier vary with the amplitude 
of the driving signal, serious distortion 
and inadequate power output may re- 
sult on large input signals unless plate 
and screen-grid supply voltages are well 
regulated and the bias is extremely sta- 
ble. For optimum performance, plate- 




phase-inverter circuits for driving push- 
pull stages. Transformer coupling can 
also be used between the driver and the 
class A power amplifier. Interstage trans- 
formers having wide frequency response 
are relatively expensive, however, and 
are seldom used unless a substantial 
voltage step-up must be obtained be- 
tween driver and class A power amplifier. 

Plate- and screen-grid-supply cir- 
cuits for single-ended class A power am- 
plifiers must be well filtered to minimize 
hum and undesired coupling with other 
stages in the equipment. These circuits, 
as well as the cathode-bias resistor, must 
also be adequately bypassed to the cath- 
ode at the lowest frequency to be repro- 
duced to assure full output from a single- 
ended stage. When particularly good 
response at low audio frequencies is re- 
quired in a single-ended stage, it may be 
necessary to use parallel feed, as shown 
in Fig. 30, to eliminate unbalanced dc 
from the output transformer and the 
driver transformer. 

Chrcuit-design consid^ati<ms for 



supply regulation should be within 10 
per cent, screen-grid-supply regulation 
within 5 per cent, and grid-bias-supply 
regulation within 3 per cent. 

Class B and class AB2 af power 
amplifiers normally draw grid current 
on large input signals and, therefore, re- 
qiure appreciable driving power. Power 
output, frequen<^ response, and har- 
monic distortion are critically dependent 
on the circuit constants employed in the 
amplifier and in the driving circuit. Con- 
sequently, the design of a class B or class 
ABt amplifier involves the design of a 
complete system, including the driver 
stage, the interstage coupling circuit, 
the output (class B or class AB2) stage, 
and the power-supply and bias drcuits 
for both stag^. 

The driver must be capable of sup- 
plying both the signal power required to 
drive the class B or class ABj stage to 
full output and the power lost in the 
interstage coupling circuit. 

The driving circuit must also hav^ 
very good regulation characteristics be- 
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cause the input impedance of a class B 
stage varies from a very high value on 
small input signals (open-circuit 'value 
when no grid current is drawn) to a very 
low value on large input signals (when 
maximum grid current is drawn). Con- 
sequently, it is usually necessary to use 
an amplifier having very low output im- 
pedance as the driver, and an efficient 
transformer as the interstage coupling 
device. For minimum over-all harmonic 
distortion, the driver should be a push- 
puU class A or class ABi amplifier. If 
the driver stage uses triodes, it may be 
operated into a load impedance higher 
than that normally used for the tube 
type employed to minimize distortion 
at some reduction of available output 
power. 

The interstage or "driver" trans- 
former must provide the proper load for 
the driver under maximum-drive condi- 
tions (i.e., when the input impedance of 
the output stage is minimum) and, there- 
fore, is usually designed as a step-down 
transformer. The step-down ratio re- 
quired will depend on the specific tube 
types used in the driver and output 
stages, the load resistance used for the 
output stage, the peak power efficiency 
of the driver transformer, and the amount 
of harmonic distortion that can be 
tolerated in the output. 

The driver transformer must also 
have the desired frequency-response 
characteristics when operated into a 
very high load impedance (or even an 
open circuit) such as that presented by 
the grid circuit of the class B or class 
AB2 stage on very small driving signals. 
To assure good response at the higher 
audio frequencies, the transformer must 
also be designed to have low leakage re- 
actance. In addition, the resistance of 
the secondary windings must be kept 
low to minimize dc voltage drops which 
might affect the operating bias during 
grid-current flow. 

For maximum power output and 
minimum harmonic distortion, the op- 
erating point of a class B or class ABa 
amplifier must not be affected by the 
normal variations in average plate, 
screen-grid, and control-grid currents. 
Consequently, bias must be obtained 
from a separate fixed supply, such as a 
battery or a rectifier having very low in- 



ternal resistance, and plate and screen- 
grid supplies must have exceptionaHy 
good regulation characteristics. For op- 
timum performance, plate-supplyregula- 
tion, for class B and class ABa amplifiers 
should be within 5 per cent, and acreen- 
grid-supply and grid-bias-supply regu- 
lation should be within 3 per cent. 

Output transformers for class B and 

class ABj amplifiers should have low- 
resistance windings to minimize power 
losses at the large plate currents which 
flow under maximum-signal conditions. 
They should also have very low leakage 
inductance to assure good response at 
the higher audio frequencies and to min- 
imize the danger of parasitic osdllations 
and "ringing." 

Modulators 

An 3d power amplifier used to modu- 
late a class C rf amplifier must be capa- 
ble of delivering an undistorted power 
output equal to one-half the average 
power in the modulated circuit to per- 
mit 100-per-cent modulation. In addi- 
tion, the modulation transformer must 
convert the equivalent resistance of the 
modulated circuit into the proper plate- 
load resistance for the modulator stage. 

The average power, Wa, in watts in 
the modulated circuit is equal to EI, and 
the effective resistance, Ra, is equal to 
E/I, where E is the dc potential across 
the modulated circuit in volts and I is 
the total direct current in amperes. The 
proper turns ratio (primary to second- 
ary), N1/N2, for the modulation trans- 
former is then given by 

where Ri is the effective plate (or plate- 
to-plate) load resistance required for the 
af amplifier and Ra is the effective re- 
sistance of themod*lated circuit in ohms. 
Example (1): Determine the amount 
of af power, Wo, required for 100-per- 
cent plate modulation of push-pull class 
C 812-A triodes operating under ICAS 
conditions. (V alues are given in the tech- 
nical data for the 812-A under Plate- 
Modulated RF Power Amplifier— Class 
C Telephony, Typical Operation.) 

^^,W,^ (1250)(2X0.140) ^^^g^^^ 
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This amount of af power can be obtained 
from a push-pull 811-A class B amplifier 
operating under CCS conditions at a dc 
plate potential of 750 volts. (Values are 
given in the technical data for the 811-A 
under AF Power Amplifier Eind Modu- 
lator—Class B, Typical Operation.) The 
effective plate-to-plate load resistance 
required for the 811-A*s is 5100 ohms. 
The equivalent resistance of the 812-A 
plate circuit is 

t> 1250 .... 
^' = 2^0140=^^^ 
or approximately 4500 ohms. 

Consequently, the turns ratio (pri- 
mary to secondary) required for the 
modulation transformer is 



N, 



5100 1.1, _v 



Example (2): Determine the amount of 
af power, "Wo, required for 100-per-cent 
simultaneous plate and screen-grid mod- 
ulation of a single 813 class C amplifier 
operating under ICAS conditions. (Val- 
ues are given in the technical data for 
the 813 under Plate-Modulated RF 
Power Amplifier— Class C Telephony, 
Typical Operation.) Screen-grid voltage 
for the 813 is obtained through a series 
voltage-dropping resistor from the plate 
supply, as shown in Fig. 24(c). 

Wo-l-'.S022H0^00+M40).24()watts 

2 2 

This amount of power can be obtained 
from a push-pull 811-A class B amplifier 
operating under ICAS conditions at a dc 
plate potential of 1000 volts. (Values are 
given in the technical data for the 811-A 
under AF Power Amplifier and Modu- 
lator—Class B, Typical Operation.) The 
effective plate-to-plate load required for 
the 811-A's is 7400 ohms. The equiva- 
lent resistance of the 813 plate and screen- 
grid drcuit is 

■o 2000 _ „^ 

^^=0.200+0.040"^^^^ 
or approximately 8400 ohms. 

Consequently, the turns ratio (pri- 
mary to secondary) required for the 
modulation transformer is 



N 



7400 0.94 



(approx.) 



''X/ 8400 1 
In the design of af power amplifiers 
for modulator servifte, consideration 



should also l)c given to the magnetizing 
effect of the unbalanced dc current flow- 
ing in the secondary windings of the 
modulation transformer. If this current 
is large enough to cause a decrease in 
low-frequency response, a suitable block- 
ing capacitor and af choke should be 
used to isolate the unbalanced dc cur- 
rent from the secondary winding. 

RF Power Amplifiers 

Class B aud class C rf power am- 
plifiers normally operate into reso- 
nant load circuits which can be designed 
to filter out undesired harmonics of any 
order. Consequently, push-pull circuits 
do not have to be used to minimize even- 
order harmonics. Push-pull operation is 
sometimes used for "straight-through" 
class B and clasa C amplifier stages, how- 
ever, as a means of obtaining increased 
output or improved operation at the 
higher radio frequencies. It is also used 
in frequency-multiplier service as a 
means of emphasizing odd-order har- 
monic frequencies. 

Linear RF Power Amplifiers 

For sintrle-sidcbaud suppressed- 
carrier (SSB) operation, only one side- 
band is transmitted, and the carrier is 
suppressed to the point of nonexistence, 
as shown in Pig. 31. In an SSB transmit- 
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ter, the signal to be transmitted is usually 

generated at a low frequency, converted 
to the transmitted frequency in one or 
more stages of frequency conversion, 
and amplified to the desired power level 
by linear rf power amplifiers. An SSB re- 
ceiver performs similar functions in the 
inverse order and, except for the demod- 
ulating stage, does not differ significantly . 
from the conventional superheterodyne 
cMnmunications receiver. 

The generation of SSB signals is 
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simplified by use of a low-level stage 
called an exciter, which tmiplifies the sig- 
nal to the level necessary to drive the 
power amplifiers of the system. The 
driving power required is usually sm^ 
because high-gmn beam power tubes are 
used in most power amplifiers. This driv- 
ing power, which may be as small as a 
fraction of a watt, can be easily obtained 
with receiving-type tubes; however, in 
the special case of zero-bi£^ cathode- 
driven power amplifiers, drive require- 
ments are substantially higher. 

Single-sideband transmission re- 
quires the use of linear rf power ampli- 
fiers because the amplitude and phase 
relationships of the sideband components 
of the signal must be faithfully main- 
tained. The required fidelity may be 
achieved by choosing a power amplifier 
tube having a linear transfer character- 
istic, using feedback circuits to enhance 
the linearity of the stage, and operating 
the power-amplifier tube at almost class 
A operation, within plate dissipation rat- 
ings. High efficiency, however, is beat 
achieved by operation at close to class 
B conditions. These conflicting demands 
require a compromise between linearity 
and efficiency. 

Linear rf power tubes should be 
capable of high gain and high plate dis- 
sipation. High gain permits the use of 
receiving-type tubes in the exciter stage 
and enhances reliability by reducing the 
number of stages necessary to achieve a 
specified power level. Power-conversion 
efficiency must also be considered, but 
compromise with linearity should be 
made only after satisfactory distortion 
levels have been achieved. 

The classes of operation suitable for 
linear rf power amphfiers include: class 
A, class ABx, class ABj, class B with 
bias, and class B with zero bias. Class A 
operation is the most linear, but is also 
tlie least efficient . Appli cation is generally 
limited to low-power-level amplification. 
Class ABi is the best compromise of 
linearity, efficiency, and gain, except for 
the specialcases noted for theother classes 
of operation. In special cases, beam power 
tubes are operated as class ABj ampli- 
fiers when the power level must be main- 
tained at the expense of linearity; under 
similar conditions, low- and medium- 
mu triodes are operated at class B with 



bias. For high-mu triodes, operation as 
class B with zero bias provides circuit 

simplicity, good linearity, and efficiency, 
but has poor gain and requires high driv- 
ing power. 

Driving Power 

One of the most important con- 
sid^ations in the d^ign of a class B or 
class C rf power-amplifier stage is the 
provision of adequate driving power. 
The data for most newer tube types lists 
"typical" driver-power output, which 
represents circuit and tube losses. This 
value is the actual power measured at 
the input to the grid-No. 1 circuit and, 
therefore, changes as the stated condi- 
tions change. The "typical" driving 
power listed in the data for many older 
types indicates only the signal power 
dissipated in the internal grid-cathode 
circuit of the tube and in the resistance 
of the bias circuit. These figures do not 
normally include driving power that 
may be lost in tube sockets or in the 
components and wiring of driving cir- 
cuits, or tube losses due to electron- 
transit-time phenomena, internal lead 
impedances, or other factors, 

The driver stage must be capable 
of delivering sufficient signal power to 
supply all the tube and circuit losses. 
Although these losses vary with fre- 
quency, tube operating conditions, cir- 
cuit configuration, and the components 
and layout of the circuit, they can be 
tetimated with reaso»able accuracy for 
"straight-through" amplifiers. At fre- 
quencies up to about 30 megacycles per 
second, total tube and circuit losses are 
approximately twice the driving-power 
figures given in the tube data. At higher 
frequencies, electron-transit-time losses 
and other tube and circuit losses increase 
so rapidly that it is generally necessary 
to use a driver stage capable of supply- 
ing 3 to 10 times the driving power 
shown in the tube data. 

The driving power available for a 
class C amplifier or frequency multiplier 
should be sufficient to permit saturation 
of the driven tube, i.e., a substantial in- 
crease or decrease in driving power 
should produce no appreciable change 
in the output of the driven stage. This 
consideration is particularly important 
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when driving power is obtained from a 

series of frequency-multiplier stages be- 
cause such stages have much poorer out- 
put regulation than "straight-through" 
amplifiers. Care must be used, however, 
to assure that the maximum current or 
input ratings of the driven tube are not 
exceeded. 

Because the average plate and 
screen-grid (grid-No.2) currents drawn 
by a properly excited class B or class C 
rf amplifier remain substantially con- 
stant, regulation of plate and screen- 
grid suppli^ is not necessary. A plate 
supply for a class C stage, however, 
should be capable of supplying very high 
peak currents, particularly when the 
sta^e is operated as a frequency multi- 
plier. 

In cathode-drive circuits, driver- 
power output and the developed rf power 



Grid-Bias Considerations 

Because class B rf amplifiers are 
used almost exclusively as output ampli- 
fiers in radiotelephone transmitters em- 
ploying low-level amplitude modulation, 
they must have extremely linear charac- 
teristics to avoid distortion of the modu- 
lated signals. These amplifiers are not 
biased to cutoff but to a value deter- 
mined by the amplitude of the unmodu- 
lated rf driving signal, and their opera^ 
tion is usually limited to a relatively 
narrow region of the characteristic. Bias 
must usually be obtained from a sepa- 
rate fixed supply, such as a battery or a 
rectifier, having very good output regu- 
lation. (Self-bias obtained from a heavily 
bypassed cathode resistor can be used 
for certain beam power tubes.) Both the 
bias and the maximum amplitude of the 
driving signal must be readjusted if the 
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output act in series to supply the load 
circuit. If the driving voltage and grid- 
No. 1 current are increased, the output 
invariably increases. Such is not the case 
in a grid-drive circuit, in which a satu- 
ration effect occurs; i.e., above a certain 
value of driving voltage and current, 
the output increases very slowly and may 
even decrease. Therefore, a cathode- 
drive stage should not be driven near 
saturation because the maximum gridr 
No.2 input may be exceeded. 

During the tuning of a cathode-drive 
rf amplifier, variations in the load on 
the output stage produce corresponding 
variations in theload on thedrivingstage. 
This effect is indicated by a simultaneous 
increase in the plate currents of both the 
output and driving stages. 



plate voltage is changed. 

Fig. 32 illustrates the use of fixed 
bias in rf stages having various circuit 
configurations.The battery symbol indi- 
cates any dc source capable of supplying 
the required voltage and having good 
regulation. The rf chokes and bypass 
capacitors are used to exclude the rf grid 
voltage from the bias supply. When a 
tuned grid circuit is used, as shown in 
Fig. {32c), the rf choke usually is not re- 
quired, and in some cases may even be 
detrimental to the operation of the stage. 
The use of the wrong value of rf choke 
in the grid circuit of an rf amplifier may 
result in parasitic oscillations, especially 
when a similar choke is used in the plate 
circuit. 

Batteries, rectifiers, or other dc ' 
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sources having high internal resistance 
should not be used as fixed-bias supplies. 
If such devices are used, the normal flow 
of grid current may charge the batteries 
to voltages greater than their rated val- 
ues, or may increase the voltage drop in 
the rectifier bleeder. The resulting in- 
crease in total operating bias may cause 
a substantial reduction in the power out- 
put of the stage. 

Class C amplifiers generally use grid- 
resislor Has obtained by grid rectifica- 
tion of the driving signal because large 
bias voltages are required (approxi- 
mately twice cutoff value, or more). 

The value required for the grid re- 
sistor (in ohms) is equal to the negative 
grid bias (in volts) divided by the dc grid 
current (in amperes). If the dc grid cur- 
rent of two tubes in parallel or push-pxill 
Sows through a common grid resistor, 
the value of the resistor is one half that 
for a single tube. Typical class C ampli- 
fier stages using grid-resistor bias are 
shown in the Circuits Section. 

Although grid-resistor bias is eco- 
nomical as regards supply requirements 
and circuit components, and adjusts it- 
self automatically to the amplitude of 
the driving signal, it provides protection 
only when adequate excitation is applied 
to the stage. Consequently, class C am- 
plifiers should generally be supplied with 
sufficient fixed or self bias to limit the 
zero-signal plate and screen-grid cur- 
rents to safe values in the event that ex- 
citation fails or is accidentally removed. 

The value required for a self-bias 
cathode resistor (in ohms) is equal to the 
required self-bias voltage (in volts) di- 
vided by the total cathode current (in 
amperes). In a triode, the total cathode 
current is the sum of the dc plate cur- 
rent and dc grid current. In a beam power 
tube or tetrode, dc screen-grid (grid- 
No.2) current must be included in the 
cathode current. In a pentode having an 
independent suppressor grid (grid No.3), 
any current dr^wn by the suppressor 
grid must also be Included. 

Plate-modulated class C amplifiers 
are usually operated with higher grid- 
bias voltages than unmodidated ampli- 
fiers because a linear modulation char- 
acteristic usually requires the bias to 
vary with the modulaing voltage, and 
this variation is easier to obtain if it is 



not too large a fraction of the total bias. 
It is usually necessary to use a combina- 
tion of fixed and grid-resistor bias to 
provide the desired variation in bias volt- 
age. The grid resistor should not be by- 
passed for audio frequencies. 

Grid bias for grid-modulated class C 

amplifiers must be extremely stable to 
avoid distortion of the modulated car- 
rier and excessive dissipation. Conse- 
quently, bias should be obtained from a 
fixed supply having very good regida- 
tion characteristics, and not from a grid 
resistor or cathode resistor. 

Grid bias for screen-grid or suppref- 

sor-grid modulated rf amplifiers is not 
particularly critical and may be obtained 
by any of the methods described above. 
Cathode-bias resistors used in such am- 
pliflera, however, shoxUd be bypassed for 
the lowest niodulating frequency as well 
as for rf. 

Highly stable fixed-bias voltages can 
be obtained from electronically regulated 
bias supplies or by the use of voltage- 
regulator tubes in place of a load resistor 
in the output of a bias rectifier. Voltage 
regulator tubes having regulated-volt- 
age ratings between approximately 75 
and 150 volts are available. When regu- 
lated fixed-bias potentials greater than 
150 volts are required, tubes having suit- 
able voltage ratings and similar current 
ratings may be connected in series. When 
it is necessary to accommodate larger 
currents than can be safely handled by a 
single regulator tube, types having the 
same voltage rating can be connected in 
parallel. In parallel arrangements, a re- 
sistor having a value of approximately 
100 ohms must be connected in series 
with each tube to assure equal division 
of the total load current. Examples of 
the use of voltage-regulator tubes are 
shown in Fig. 33. 

Frequency Multipliers 

The principal considerations in the 
design of frequency multipliers are the 
choice of suitable tube types and the de- 
termination of operating conditions 
which will provide maximum power out- 
put at the d^red harmonic. 

For a fixed value of peak plate cur- 
rent, the harmonic output of a class C 
amplifier increases at first as the width 
of the plate-current pulse is decreased. 
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but then begins to decrease as the pulse 
width is decreased still further. There is 
a value of conduction angle, therefore, 
-at which the ratio of any harmonic com- 
ponents to the peak value of the plate- 
current pulse is a maximum. These maxi- 
ma occur at conduction angles of about 
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120 degrees for frequency doublers, 80 
degrees for triplets, and 60 degrees for 
quadruplers. 

Because the use of small conduc- 
tion angles usually requires the use of 
large values of negative bias, power out- 
put and plate-circuit efficiency at the 
higher harmonics Mre limited by the grid- 



bias rating of the tube, as well as by the 
peak-emission capabilities of the cath- 
ode. The over-all efficiencies obtainable 
in frequency-multiplier service are also 
limited by driving-power requirements, 
which increase as the square of the grid- 
driving voltage. Tube types for use in 
frequency-multiplier stages should have 
high-wattage filaments or cathode capa- 
ble of supplying the very high peak-emis- 
sion currents required, and high trans- 
conductance or high amplification fac- 
tors to provide high power sensitivity. 

Oscillators 

The principal consideration in the 
design of an oscillator is usually fre- 
quency stability, rather than high effi- 
ciency or high power output. The fre- 
quency stability of an oscillator is de- 
termined partly by the mechanical char- 
acteristics of a crystal or an inductance- 
capacitance tuned circuit, and partly by 
the conditions under which the tube is 
operated. 

It is usually necessary to employ 
one or more of the following measures 
to obtain a high degree of frequency 
stability : 

(1) Minimize mechanical vibration 
and variations in ambient temperature 
which might alter the characteristics of 
the frequency-determining crystal or 
tuned circuit. 

(2) Limit the amplitude of oscilla- 
tion to minimize internal heating in the 
frequency-determining crystal or tuned 
circuit which might alter its character- 
istics. 

(3) Minimize variations in supply 
voltages by the use of regulated plate 
and screen-grid (grid-No.2) supplies. 

(4) Minimize variations in loading, 
or isolate the oscillator from a varying 
load by means of a "buffer" stage (usually 
a class A or class ABi amplifier). 

(5) Use special components or cir- 
cuit arrangements to compensate for 
variations in temp^&ture, load, or sup- 
ply voltage. 

The frequency stability of a crystal 
oscillator is determined principally by 
the temperature coefRcient and mount- 
ing of the crystal, and only to a limited 
extent by tube operating con(Utions and 
loading. Consequently, it is not usually 
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necessary to use regulated plate and 
screen supplies for such oscillators, or 
to isolate them from varying loads by 
means of buffer stages. When extremely 
high stability is required, however, (e.g., 
in frequency standards and commercial 
transmitters), it is usually necessary to 
employ all of the stabilizing measures 
described above and to maintain the 
crystal at a constant temperature in a 
thermostatically controlled oven. 

Ci^stsds, particularly those which 
are ground, "grown," or otherwise di- 
mensioned for the higher radio frequen- 
cies, are extremely fragile and may be 
destroyed by overloading or the use of 
exce^;sive feedback. Triodes used in crys- 
tal oscillators should, therefore, be low- 
power types, or be operated at substan- 
tially reduced plate voltages to minimize 
crystal loading and limit the amplitude 
of oscillation. Beam power tubes, pen- 
todes, and tetrodes cause relatively little 
crystal loading because of their small 
driving-power requirements, and pro- 
vide limited feedback even when oper- 
ated at full plate voltage because of their 
internal shielding. Consequently, these 
types are especially suitable for use in 
crystal oscillators. They can also deliver 
substantially higher power outputs than 
triodes of comparable size, and thus per- 
mit the use of fewer stages in achieving 
a desired final power output. 

When multigrid tub^ having very 
good internal shielding are used in crys- 
tal-oscillator circuits, it may be neces- 
sary to use external capacitive feedback 
to obtain oscillation. This feedback may 
be provided by a small adjustable capa- 
citor (usually not more than 2 or 3 micro- 
microfarads) connected between thegrid- 
No.l terminal and the plate terminal of 
the tube. Under no circumstances should 
the externa! feedback capacitance be 
larger than necessary for oscillation, be- 
cause even small excess values may pro- 
vide sufficient feedback to destroy the 
crystal. 

To obtain good frequency stability 

in a variable-frequency oscillator, it is 
usually necessary to use all the stabiliz- 
ing measures described above. It is par- 
ticularly important to employ good com- 
ponents and sturdy mechanical construc- 
tion, and generally desirable to enclose 
the entire oscillator tank circuit in a 



heavy metal shield having good thermal 
stability. Good isolation from load varia- 
tions can be obtained without a buffer 
stage by the use of an electron-coupled 
circuit. In this type of oscillator circuit, 
the control grid (grid No.l) and screen 
grid (grid No. 2) of a multigrid tube are 
the actual oscillator terminals, the screen 
grid acting as the anode. Power output 
is taken from the plate circuit, which is 
coupled to the oscillator only by the in- 
ternal electron stream. 

Crystsd oscillators and variable-fre- 
quency oscillators can also be used as 

harmonic generators and frequency mul- 
tipliers. Electron-coupled oscillators are 
particularly suitable for use as frequency 
multipliers because selection of desired 
harmonics can be accomplished in the 
plate circuit without affecting the oscil- 
lator frequency. 

Parallel-Tuned Tank Circuits 

The performance of an rf power am- 
plifier, frequency multiplier, or oscillator 
is critically dependent on the character- 
istics of the circuit which forms its plate 
load. The characteristics of the load cir- 
cuit affect the power output, harmonic 
output, plate dissipation, and driving- 
power requirements of the stage. 

The plate-circuit load of a class B 
or class C rf amplifier is usually a paral- 
lel-tuned resonant tank of the type shown 
schematically in Fig. 34. The resonant 
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frequency, f, of such a circuit in mega- 
<^des per second is given by 

103 

(1) 



f=- 



2-n-vl.C 

where L is inductance in microhenries, 
andC is capacitance in micromicrof arads. 

This expression shows that the reso- 
nant frequency varies inversely as the 
square root of the product LC. Doubling 
both L and C halves the resonant fre- 
quency. For any given frequency, f, the 
product of L and C is a constant. 
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Exceptin circuits operating atultra- 
high and higher frequencies, L is usually 
"lumped" or concentrated in a coil or 
specially formed conductor, and C is a 
combination of lumped and distributed 
eap&citance. The lumped capacitance 
component is usually a variable capaci- 
tor, and the distributed component is 
composed of the self-capacitance of the 
tank, tube capacitances, and the stray 
capacitance of the circuit. Consequently, 
distributed capacitance should always 
be taken into account, particularly in 
calculations for the higher radio frequen- 
cies, at which it is usually either the 
principal component or the entire tank 
capacitance. 

The plate-tank circuit of a class B 
or class C rf amplifier must resonate at 
the desired output frequency, and must 
also convert relatively short, unidirec- 
tional pulses of plate current into com- 
plete oscillations at this frequency. In 
other words, it must act as an electrical 
"flywheel." The plate tank must also 
have sufficient impedance at resonance 
to limit the no-load plate current of the 
stage to a safe value. 

The ef!ectiveness of a tank circuit's 
flywheel action is indicated by the ratio 
of the"wattless"power (in volt-amperes) 
developed in the tank to the actual power 
(in watts) delivered by the tube. TMs 
ratio is known as the "operating Q" of 
the tank, and is proportional to the tank 
capacitance. Its approximate value in 
terms of tube operating conditioiw is 
given by 

C X f X Eb (2) 
^ 300 X lb 
where C is the total capacitance across 
the tank in micromicrofarads, f is the 
frequency in megacycles per second, Eb 
is the dc plate potential in volts, and 
lb is the total dc plate current of the 
stage in milliamperes. 

The impedance of a parallel-tuned 
circuit at resonance (its equivalent re- 
sistance, Req) is proportionaltothetank 
inductance and inversely proportional 
to the tank capacitance and the tank- 
coil resistance. The approximate value 
Req in ohms is given by 



where L is the tank inductance in micro- 
henries, C is the tai:^ capacitance in 



microfarads, and r is the ac resistance oi 
the tank-circuit inductor in ohms. 

Because there is a confiict between 
the characteristics required for high op- 
erating Q and those required for high 
equivalent rraistance, determination of 
proper valufs for plate-tank circuits is 
one of the most important considerations 
in rf amplifier design. 

The first step in the design of a 
plate-tank circuit is the determination 
of the most suitable operating Q for the 
type of service in which the stage is to 
be used. The use of too low a Q results in 
a distorted waveform contaimng very 
strong harmonics and, therefore, is 
wasteful of power and likely to result in 
serious interference. The use of too high 
a Q, on the other hand, usually results in 
large circulating currents and, therefore, 
in substantial tank-circuit losses. A value 
between 10 and 15 is generally recom- 
mended for rf telegraphy or telephony 
service. A value of 12 is most frequently 
used in the design of amateur and indus-r 
trial equipment. 

The next step is the determination 
of the tank capacitance, C, for the Q 
value and tube operating conditions 
selected. This value is obtained from 
equation (2) transposed to the form 

300 X Q X lb ' (4) 

^" f X Eb 

Fig. 35 shows C as a function of the 
ratio Eb/Tb for a Q value of 12. The 
curves in Fig. 35 can be used to deter- 
mine values of tank-drcuit capacitance 
suitable for use in equipment operating 
in tlie amateur bands. Values of C ob- 
tained from this chart or calculated by 
the use of Equation (4) apply only for 
single-ended tank circuits which are not 
split for neutralization or other purposes, 
such as that shown in Fig. 36 (a) . These 
values represent the total capacitance 
required for resonance at the correspond- 
ing- frequencies, and indude tube and 
stray circuit capacitance. Values slightly 
higher than those indicated can gener- 
ally be used without appreciable reduc- ■ 
tion of power output. 

When a split tank circuit is em*- 
ployed for a single-ended stage, as shown 
in Fig. 36 (b),the total tank capacitance 
should be one-fourth that indicated by 
Fig. 35 or Equation (4). Thecorrespond'^ 
ing tank inductance, therefore, is 4 times 
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that required for a tank circuit which is 
not split. If the tank tuning capacitor is 
a split-stator type, such as that shown 
in Fig. 36 (c), each section should have 
one-half the capacitance indicated by 
Fig. 35 or Equation (4). 

A push-pull stage operating at the 
same dc plate voltage and total dc plate 
current as a single-ended stage also re- 
quires one-fourth the tank-circuit capaci- 
tance indicated in Fig. 35 or Equation 
(4), or if the tuning capacitor is a split- 
stator type, each section should have 
one-half the capacitance indicated. A 
push-pull stage operated at the same 
plate voltage but drawing twice as much 
plate current as a single-ended stage re- 
quires one-half the tank-circuit capaci- 
tance indicated. In this case, each sec- 
tion of a split-stator tank capacitor 
should have the capacitance indicated 
in Fig. 35 and in Equation (4). 



(000^ 




■where L is the inductance of the coil in 
microhenries, R is the mean radius in 
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When the required tank-circuit ca- 
pacitance is known, the tank inductance 
required for resonance at the desired fre- 
quency can be determined by substitu- 
tion of the value of C in Equation (1). 
Approximate winding data for single- 
layer coils, such as that shown in Fig. 
37, suitable for use in amateur transmit- 
ters can then be obtained from the fol- 
lowing formula: 
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inches, N is the number of turns, and B 
is the length in inches. 

It is sometimes impracticable to 
limit the operating Q of a plate-tank 
circuit to the desired value under the 
proposed operating conditions. For ex- 
ample, in parallel-tube stages or stages 
operating at the higher radio frequencies, 
tube and stray circuit capacitance may 
be larger than the optimum total capaci- 
tance indicated in Equation (4). In such 
eases, the designer has a choice of the 
following procedures: 

(1) Retain the proposed tube-oper- 
ating conditions and design the plate- 
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tank circuit for the lowest Q value 
obtainable under these conditions; 

(2) Modify the tube-operating con- 
ditions (provided the tube ratings are 
not exceeded) to obtain the proper Eb/Ib 
ratio for the desired operating Q; 

(3) Design the stage for push-pull 
ol>eration, thereby reducing tube output 
capacitanoe to one-half that of a single 
tube, or to one-fourtb that of paraUel 
tubes; 

plate: 

SUPPLY Q 

voutageT 

e RF 
£ CHOKE 
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desired frequency is connected between 
the plate-tank circuit of the driver stage 
and the grid of the following tube. This 
capacitor should be designed for use at 
radio frequencies, and should have a 
voltage-breakdown rating adequate to 
withstand the maximum potential dif- 
ference developed between the driver 
piate circuit and the grid of the follow- 
ing tube. The input side of the coupling 
capacitor may be connected directly to 
the driver piate, as shown in Fig. 89 (a), 
or to a tap on the plate-tank coil, as 
sbown in Fig. 39 (b). 

A tapped plate-tank coil provides a 
convenient means for controlling loading 
and excitation, and generally makes it 
tmnecessary to tune tlie grid circuit of 
the driven stage. Unused portions of 
tapped tank coils, however, freriuently 
resonate with stray capacitances to form 
unloaded "parasitic" tank circuits which 
are readily sJjocked into oscillation and 
may interfere with the operation of the 
equipment. Consequently, it is usually 
preferable to use an untapped plate-tank 



(4) Employ a * 'series-tuned" tank 
circuit of the type shown in Fig. 38, In 
which the variable capacitance Cv is 
several times larger than the tube 
capadtance Ct. 

Interstage Coupling 

One of the most important consider- 
ations in rf circuit design is the method 
used for coupling the input of an ampli- 
■ fier or frequency multiplier to the out- 
put of the preceding st£^e. An inter- 
stage rf coupling circuit must permit 
efficient transfer of energy at the desired 
frequency; discriminate, if possible, 
against harmonics of the desired fre- 
quency; and, where necessary, provide 
de isolation between the driver and the 
driven stage. It should also permit ad- 
justment of the loading for the driver 
and the excitation supplied to the fol- 
lowing stage. Three principal types of 
interstage coupling are employed in rf 
equipment: capacitive coupling, direct 
inductive coupling, and indirect induc- 
tive (*Tink") coupling. 

In capiifitive coupling, a capaci- 
tor having very low reactance at the 
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coil in the driver stage and a non-reso- 
nant grid circuit for the following stage^ 
and to control the excitation by varia- 
tion of the coupling capacitance. BecaiKe 
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of the relatively high impedances on 
both sides of the coupling capacitoi-, the 
driver and the driven stage should be in 
close proximity. Capacitive coupling 
tends to increase the transfer of har- 
nionics because the reactance of the 
coupling capacitor decreases as the fre- 
quency increases, 

l>!rect inductive coupling, shown 
in Fig. 40, is very efficient, but also in- 
volves high coupling impedance and, 
therefore, requires that the driver and 
driven stage be in close proximity. The 




Fig. 40 



coupling between the plate and grid 
windings may be fixed or adjustable. 
Adjustable coupling provides a conven- 
ient means for controlling loading and 
excitation. The grid winding may be 
either tuned or untuned. Although the 
tuned type provides maximum efficiency, 
the additional control complicates tuning 
and is rather critical of adjustment. 

Indirect inductive coupling or 
"link" conpliiig is used extensively 
in rf power equipment. Although it does 
not provide the high efficiency obtain- 
able with direct inductive coupling, it 
allows considerable flexibility in equip- 
ment design because it does not require 
close physical proximity between the 
coupled stages. "Link" coupling is espe- 
cially useful for equipment which infre- 
quently modified or which must b^ de- 
signed to permit concentration of prin- 
cipal control functions in a particular 
stage or unit of the equipment. 

In this method of coupling, shown ■ 
in Fig. 41, substantially identical "link" 
windings of a few turns each are induc- 
tively coupled to the plate-tank coil of 
the driver and to the grid-'tank coil of 
the following stage. Because of their low 
impedance, these link windings may be 



connected together through suitable 
transmission lines of considerable length 
with little danger of excessive radiation 
or interference pickup. Because the links 
are inductively coupled to the plate and 
grid circuits, the transmission lines are 
not required to carry dc and, therefore, 
may be grounded,These interstage trans- 
mission lines may be any of the various 
types commercially available, such as 
twisted pair, ribbon line, open-wire line, 
or coaxial cable, depending on the rci- 
quirements of the circuit. 

The coupling between link wind- 
ings and their respective tank coils may 
be either fixed or adjustable. Fixed links 
should be coupled as tightly as possible 
to their tank <xa\s in order to assure 
maximum energy transfer. When vari- 
able coupling is desired, it is usually suf- 
ficient to have only one of the links ad- 
justable. Link windings should always 
be coupled to their tank coils at points 
of minimum rf potential. In single-ended 
tank circuits (not split) , the correct loca- 
tion for a link winding is at the end of 
the plate-tank coil connected to the 
plate-voltage supply or at the ground 
(or bias-supply) end of the grid-tank 
coil. In split single-ended circuits or 
push-pull circuits, link windings should 
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be coupled to the centers of their respec- 
tive tank coils. 

Both direct inductive coupling and 
link coupling inherently provide better 
discrimination against harmonics than 
capacitive coupling. 

Output Coupling 

Output coupling circuits must de- 
liver as much as possible of the power 

supplied to them because there is no 
subsequent amplification to make up for 
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any losses. Because these circuits are 

usually required to work into low-im- 
pedance antennas, transmission lines, or 
other load devices, they must also de- 
liver heavy output currents. Conse- 
quently, they must be designed to have 
the highest possible efficiency. In addi- 
tion, any harmonics present in the out- 
put of the final stage must be eliminated 
in the output coupling circuit so that 
they will not enter the antenna or out- 
put transmission line. 

Safety considerations usually re- 
quire that the load side of an output 
coupling circuit be completely insulated 
from the ac and dc power-supply circuits 
of the equipment, and particularly from 
the plate-supply voltage of the output 
stage. In some cases the antenna, trans- 
mission line, or load device must also be 
insulated from ground. 

Capacitive output coupling has the 
advantage of simplicity. It also per- 
mits matching to loads of substantially 

different impedance by the selection of 
a suitable feed point on the plate-tank 
coil of the output stage. However, it 
does not discriminate against harmonics 
which may be present in the output of 
the final stage, and may create serious 
safety hazards if leakage or voltage 
breakdown occurs in the coupling ca- 
pacitor. 

Probably the simplest and most 
convenient type of output coupling is 
inductive coupling. This type permits 
accurate impedance matching to high- 
er low-impedance antennas, transmis- 
sion lines, or other loads, and inherently 
tends to discriminate against harmonics. 
Because it does not involve the use of 
series capacitors, it also minimizes the 
possibility of breakdowns which might 
place the plate voltage of the output 
stage across the rf cmtput terminals and 
load. 

When the load winding of an induc- 
tively coupled output circuit is untuned, 
the turns ratio between the input and 
output windings must be such that the 
proper load impedance is reflected in the 
plate circuit of the final amplifier. This 
turns ratio (primary to secondary) is 
equal to Zp/Zs, where Zp is the plate- 
load impedance desired for the final am- 
plifier, and Zs is the impedance of the 
antenna, transmission line, or other load 



device. The plate-load impedance, Zp, 

in ohms can be determined approxi- 
mately from the following relations: 

For unmodulated or plate-modu- 
lated class C amplifiers, Zp=Eb/2Ib; 
for class B amplifiers and grid- or sup- 
pressor-grid-modulated class C ampli- 
fiers, Zp=Eb/{4 lb); where Eb is the dc 
plate potential in volts and lb is the dc 
plate current in amperes. These values 
of Zp are for unbalanced, single-ended 
output circuits. For split-tank or push- 
pull circuits, the values of Zp deter- 
mined from these relations should be 
multiplied by four. 



Stabilization 

Any amplifier will oscillate if suffi- 
cient energy having the same frequency 
and the same phase as the grid voltage 
is fed back from the plate circuit to the 
grid circuit. Feedback of the proper 
phase for oscillation (regenerative feed- 
back) may take place through the grid- 
plate capacitance of the tube, or through 
external capacitive or inductive cou- 
pling between plate and grid circuits. The 
amount of feedback necessary to cause 
self-oscillation is inversely proportional 
to the power sensitivity of the amplifier 
and, therefore, is much smaller for beam 
power tubes and other multigrid types 
than for triod^. In most multigrid types, 
however, the internal shielding provided 
by the screen grid (grid No. 2) is so effec- 
tive that any tendency to self-oscillation 
is usually the result of external, rather 
than internal, feedback. To assure sta- 
bility in a multigrid rf amplifier stage, 
therefore, it is essential that the input ' 
and output circuits be completdy j 
shielded from each other. In some cases/; 
it may also be necessary to shield these 
circuits from the tube. 

In a triode, the relatively large I 
grid-plate capacitance provides a low- 
impedance path for regenerative feed- 
back which cannot be eliminated by the < 
use of external shielding. The effect of 
this capacitance can be nullified, how- 
ever, by taking voltage from the plate 
circuit and feeding it back to the grid 
in the proper phase and amplitude to 
cancel the regenerative feedback. This- j 
technique, known as "neutralization," 
can also be employed with multigrid" 
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tubes to improve their stability at tbe 
higher radio frequencies. 

The method of neutralization most 
frequently used, plate neutralization, 

is shown in Fig. 42. This method em- 
ploys a balanced plate-tank circuit 
having its mid-point effectively at rf 
ground potential, so that rf voltages of 
substantially equal amplitude and op- 
posite phase are developed across the 
two halves of the tank. The neutralizing 
voltage is taken from the bottom end of 
the tank and applied to the grid through 
the neutralizing capacitor, Cn- Although 
the theoretical value of Cn is exactly 
equal to the grid-plate capacitance of 
the tube, the value actually required 
may vary because of stray capacitances. 




Fig. 42 



Consequently, Cn is usually made ad- 
justable over a small range on either 
side of the theoretical value. 

Another method of neutralization 
for single-ended stages, grid neutraliza- 
tion, is similar to plate neutralization 
except that the split tank drcuit whidi 
provides the neutralizing voltage is lo- 
cated in the grid circuit. 

Parasitic Oscillations 

Para^tic oscillations are oscillations 
which occur in a circuit at frequencies 
other than the d^ired signal frequency, 
its harmonics, or its subharmonics.They 
may be continuous, or occur only during 
keying, modulation, or surges in the 
power-supply circuits of the equipment. 



Because they absorb power from the dr- 

cuits in which they occur, parasitics re- 
duce efficiency and performance at the 
desired operating frequency. They may 
also be responsible for voltage fiashover, 
instability, or premature failure of tubes 
and other circuit components, and may 
create serious interference by causing 
radiation of spurious carrier juid edde- 
band frequencies. 

Parasitics are generated when reso- 
nance at some frequency other than the 
normal operating frequency occurs si- 
multaneously in the input and output 
circuits of a tube. Under these condi- 
tions the stage functions as a "tuned- 
grid-tuned-plate" oscillator, the grid- 
plate capacitance of the tube providing 
the feedback path. These simultaneous 
resonance conditions may be created by 
the use of similar circuit constants in the 
plate and grid circuits (c.ff., the use of 
identical rf chokes in both circuits) or 
by the"secondary"characteristics (small 
amounts of capacitance and inductance) 
of the tubes, circuit components, or cir- 
cuit conductors. 

Parasitics in multistage equipment 
must be eliminated on a stage-by-stage 
basis. Identification of the particular 
components forming a parasitic circuit 
often requires considerable study and 
*'cut-and-try"experimentation.The first 
step is to distinguish true parasitics from 
self-oscillation in the stage in question, 
and to determine the frequency or fre- 
quencies of the parasitics. For this step, 
excitation is removed from the offending 
stage, and also from the preceding stage 
to minimize the possibility of feed- 
through at the normal operating fre- 
quency or a subharmonic. The stage is 
then operated at about one-half normal 
plate and screen-grid Cgrid-No.2) volt- 
age and checked for oscillations. 

When the presence of parasitics has 
been verified, and their frequency or 
frequencies determined, vhf parasitics 
should be eliminated first. VHF para- 
sitics can usually be traced to one or 
more of the following sources: 

(1) Long connecting leads between 
grid and plate terminals of tubes and 

the corresponding tank circuits. 

(2) Push-pull tank circuits employ- 
ing spUt-stator tank capacitors in wbich 
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the common terminals of the tank ca- 
pacitors are not at rf ground potential. 

(3) Inadequate bypassing, or the 
use of long connecting leads to bypass 

capacitors, particularly in the screen- 
grid-to-cathode circuits of multigrid 
tubes. 

(4) Long leads in neutralising cir- 
cuits. 

(5) Tapped tank-circuit coils. (Un- 
used portions of tapped tank coils are 
particularly troublesome in this respect 
because they are not loaded and, there- 
fore, can form resonant circuits of very 
highQ.) 

(6) Inadequate separation between 
components in the input and output 
<^dwtiB of the stage. 

Two methods can be used to mini- 
mize parasitics in resonant circuits. In 
one method, the constants of one of the 

circuits involved are changed to shift its 
resonant frequency. The lengths of the 
leads to the circuit may be reduced 
(preferably to a minimum), or the posi- 
tion of a connecting lead or component 
may be shifted to reduce its capacitance. 
When such a change is made, however, 
the new resonant frequency of the cir- 
cuit may be the same as that of another 
combination of circuit elements, with 
the result that a new parasitic oscillation 
is created. 

The second method is the insertion 
in one of the tube circuits (grid, plate, 
or cathode circuit) of a special load which 
will rapidly dissipate parasitic oscilla- 
tions but will not appreciably affect the 
performance of the stage at the desired 
frequenter. In a low-current circuit, this 
load may be a non-inductive resistor 
having a value between 10 and 100 ohms 
inserted directly at the tube socket. In a 
high-current circuit, a small rt choke (5 
to 10 turns of wire) should be connected 
in parallel with the resistor. 

Fig. 43 shows a beam power tube 
in an rf amplifier which has been stabi- 
lized.to eliminate parasitics. Lg, Ln, and 
L,) represent the distributed inductance 
of the grid, cathode, and plate leads, re- 
spectively. Cgp and Cj;k are the grid- 
plate and plate-cathode capacitances of 
the tube. Li, Ci, La, and Ca are the nor- 
mal grid and plate tank-circuit compo- 
nents. The following stabilization meas- 



ures are shown in the circuit: 

(1) The screen grid (gridNo.2) is 
bypassed to the cathode directly at the 
tube socket with a mica or ceramic ca- 
pacitor of not l^s than 0.002 microfarad 
having extremely short leads. 

(2) Because the tube has an indi- 
rectly heated cathode, an unbypassed 
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Fig. 43 



non-inductive resistor having a value of 

25 ohms or less is installed in the cathode- 
return lead directly at the tube socket. 

(3) A non-inductive resistor having 
a value of 50 ohms or less is installed in 
series with the grid-tank circuit directly 
at the grid terminal of the tube socket. 

(4) The grid-tank circuit is loaded 
with a non-inductive resistor having a 
value between 5000 and 50000 ohms. 

Besides the measures shown in the 
circuit, the screen-grid voltage is reduced 

proportionally w^hen the tube is operated 
at less than the maximum rated value of 
plate current. In addition, ample driving 
power is provided. If necessary, the grid 
current and bias are increased to pro- 
vide ample driving power, but the maxi- ; 
mum ratings for grid current and grid 
voltage should not be exceeded. A "satu- 
rated" tube (i.e., one supplied with am- 
ple driving power) is relatively immune 
to parasitics. 

When all vhf parasitics have been 
eliminated, attention should be directed 
to the elimination of low-frequency para- 
sitics. Low-frequency parasitics are fre- 
quently caused by: 

(1) The use of rf chokes in series 
with both the plate and grid circuits ot 
the amplifier, particularly when identi-- 
cal chokes are used in both circuits. 
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(2) Resonance conditions in power- 
supply filter circuits. 

(3) Resonance conditions in modu- 
lation-circuit components. 

(4) The use of high-impedance RC 
circuits in sereen-grid-supply drcuits for 
multigrid tubes. 

(5) The use of parallel feed in both 
the grid and plate circuits of a tube. 

In addition to the stabilization of 
individual stages in power-tube equip- 
ment, it is also necessary to prevent un- 
desired coupling and feedback between 
stages operating at the same frequency. 
Over-all stabilization of multistage equip- 
mei\t may require shielding of individual 
tubes or entire stages, the use of filtering 
and decoui>ling networks in power-sup- 
ply leads and in grid-, plate-, or other 



circuit-return leads, or combinations of 
such measure. 

Power-Supply Considerations 

Because class B and class C rf am- 
plifiers may be operated without plate, 
screen-grid, or bias voltages (or at volt- 
ages substantially below normal values) 
during certain tuning adjustments, they 
should incorporate means for reducing 
or completely removing these voltages 
independently in each stage. It is also 
desirable that plate, screen-grid, and 
fixed-bias voltages for individual rf am- 
plifier stages be adjustable up to the 
maximum values for the tubes employed 
so that maximum operating efficiency is 
attainable at a particular power output 
or frequency. 
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Calculation of Operating 
Conditions 

The only restrictions on tube oper- 
ating values are those imposed by the 
published maximum ratings. When it is 
necessary or desirable to operate tubes 
under conditions other than those shown 
under "Typical Operation" in published 
data, suitable values may be approxi- 
mated by simple calculations. These ap- 
proximate values may then be used in a 
tentative operating setup, and adjust- 
ments made, if necessary, to assure that 
desired output andefficiencyareobtained 
without any of the maximum ratings for 
the tube being exceeded. 

Simple calculations can be uised to 
determine operating conditions for any 
type of service in which plate current 
flows for less than the entire signal cycle. 
They can be used for triode and multi- 
grid-tube class C amplifiers (both modu- 
lated and unmodulated), for push-pull 
class AB and class B audio amplifiers 
and for class AB and class B linear rf 
amplifiers. 

TI^ basic factors used in these cal- 
culations are the peak plate current of 

the tube, and the corresponding instan- 
taneous plate voltage, grid voltages, and 
grid currents. The peak plate current is 
determined by the average or dc plate 
current and by the plate-conduction 
angle (i.e., the fraction of the signal cy- 
cle during which plate current flows). 
For a given dc plate current, peak plate 
current varies inversely with conduction • 
angle and is equal to the dc value times 
a conversion factor Ki, given in Table 
I. The corresponding instantaneous val- 
ues of the other tube currents and volt- 
ages are obtained from the "Average 
Characteristics" curves for the tube. 
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Table I 

Conduction 



Angle 

(degrees) Ki Ka Kt Kt Kt 

210 2.75 0.723 0.205 0.795 0.284 

200 2.87 0 . 745 0 . 148 0 . 852 0 . 273 

190 3.00 0.765 0.081 0.919 0.262 

180 3.14 0.785 0.000 I. 000 0.250 

170 3.32 0.805 0.095 1.095 0.237 

160 3 . 50 0 . 82.-) 0.210 1.210 0 . 22-1 

150 3.75 0.S44 0,350 1.350 0.213 

140 4.00 0.8G2 (1.520 1.520 0.200 

130 4.25 0.880 0.732 1.782 0.187 

120 4. CO 0.897 1.000 2.000 0,174 

110 5.00 0.913 1.345 2.345 0. ItJfl 

100 5 . 50 0 . 927 1 . 800 2 . 800 0 . 145 

90 6>10 0.940 2.410 3.410 0.130 



Table I also gives four other con- 
version factors or constants (Ko, K,,, K*, 
and Kb) used in these calculations. A 
sixth factor, Ks, which is a function of 
grid bias and driving voltage, is given in 
Table II. The values given for con- 
stants Ki, Ka, K3, Ki, Kb are based on 
the use of sinusoidal signal waveforms 
and conduction angles between 90 and 
180 degrees. Angles between 100 and 160 
degrees are generally used in "straiglit- 
through" class C amplifiers. Angles of 
90 degrees are usually employed only in 
frequency multipliers, and angles of 180 
degrees in class AB and class B ampli- 
fiers. 

Experience has shown that the most 
satisfactory relation between power out- 
put and power gain in"str£aght-through" 
class C amplifier service is achieved at a 
conduction angle of about 140 degrees. 
The use of larger conduction angles re- 
duces driving-power requirements, but 
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■results in substantially reduced plate- 
circuit efliciency. The use of smaller con- 
duction angles, on the other hand, tends 
to increase plate-circuit efficiency, but 
makes it necessary to provide sul^tan- 
tially higher driving power. 

Use of Curves 

Average characteristics of pov/er 
tubes are usually given in the form of 
sets or "families" of curves, such as 
those shown in the Tube Types Section. 
The separate "plate," "grid-No.l," and 
"grid-No.2" families given for the RCA- 
6146 beam power tube are typical of 
curves furnished for multigrid types. 
Combined "plate" and "grid" families 
such as those given for the RCA-812-A 
are usually furnished for triodes. 

Plate families show the simultane- 
ous relationships between plate voltage, 
control-grid voltage, and plate current. 
Consequently, they may be used for de- 
termining effective minimum plate volt- 
ages and peak positive control-grid volt- 
ages corresponding to desired or calcu- 
lated values of peak plate current. They 
also may be used for determination of 
the grid-bias voltages required to obtain 
desired values of quiescent (zero-signal) 
plate current in class A, class AB, and 
class B amplifiers. In addition, they per- 
mit such factors as plate-load resist- 
ance, power output, plate dissipation, 
and harmonicdistortion to be determined 
graphically. 

Grid families are used in determin- 
ing the peak currents in the correspond- 
ing grid circuits. Like peak plate cur- 
rent, these peak grid currents-flow at the 
instant control-grid voltage is at positive 
I)eak value, and plate voltage is minimum . 

A single set of curve families for a 
multigrid tube shows the characteristics 
of the tube at a particular grid-No.2 (or 
screen-grid) voltage. If a different grid- 
No.2 voltage is to be used, appropriate 
"Average Characteristics" curves must 
be obtained, or values shown in the avail- 
able curves must be converted mathe- 
matically. A simple method of convert 
sion is given later. 

Qass C Telegraphy Service 

Multigrid Tubes 

(1) Choose a plate voltage (Ed), a 
degrid-No.2 (screen-grid) voltage (Eoj), 



and a do plate current (lb) which pro- 
vide a plate input (Pi) within the maxi- 
mum rating for the tube. Also select a 
conduction angle smaller than 180 de- 
grees (preferably 140 degrees). 

(2) Using the value of given in 
Table I for the conduction angle se- 
lected, calculate the p^k i^te clurrent 
(ibmax) as follows: 

*bmax = Ki X lb 

(3) Determine the effective mini- 
mum plate voltage (ebmin) and peak 
pcKitive grid-No.l voltage (ecmiax) from 
the plate-family curves for the chosen 
value of Ecs and the calculated value of 
ibmax- For maximum plate-circuit effi- 
ciency and maximum power gain, both 
eijmiii and ecimax should be as small as 
possible. Because of other considerations, 
however, ehmin should be slightly above 
and to the right of the "knee" in the ap- 
propriate grid-No.l voltage curve. The 
use of ei)niin and ecimax values below the 
knee causes excessive grid-No.l and 
grid-No.2 current; the use of values tod 
far to the right of the knee reduces 
power output and may result in exces- 
sive plate dissipation. 

(4) Using the value of Ka given in 
Table I for the conduction angle se- 
lected, calculate power output (Po) as 

follows: 

Po = Kj X (Eb -ebmta) X lb 

(5) Plate dissipation or plate loss 
(Pp) is then given by 

Pp = (Eb X lb) - Po 
If this value exceeds the maximum plate- 
dissipation rating for the tube, it will be 
necessary to recalculatesteps (1) through 
(5) using a smaller conduction angle. 

(6) Using the values of Ks and Ki 
given in Table I, calculate the dc grid- 
No.l voltage or bias (Eci) as follows: 

K4X Ec3 

where fi^^ei is the mu-factor (grid No.2 
to grid No.l) of the tube. 

(7) The peak rf grid-No.l voltage 
(Egi) required to drive the tube to full 
output is given by 

(8) Determine peak grid-No.l cur- 
rent (icimax) from the grid-current char- 
acteristics curves for the appropriate 



E(a— -(KsX ecinuut)" 
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value of Ec,. (Like peak plate current, 
peak grid-No. 1 current flows at the in- 
stant that plate voltage is equal to ebmio 
and grid-No. 1 voltage is equal to ecmiax). 
Then, using the value of Ke given in 
Table II for the calculated values of 
Eoi and Eg,, determine the dc grid 
current (Ici) as follows: 

(9) The approximate driving power 
(Pd) required by the grid-cathode cir- 
cuit of the tube is" then given by 

Pd « 0.9 X Eg, X Ici 

(It should be noted that this value of Pd 
does not represent the total power that 
must be delivered by the driver stage, 
which must be sufficient to supply the 
various tube and circuit losses described 
previously.) 

(10) It is now necessary to calculate 
the dc grid-No.2 current (Ics) and grid- 

No.2 input (Wcj). First determine the 
peak grid-No. 2 current (icimax) from the 
screen-grid-current characteristics curves 
for the appropriate value of Ec-^. (The 
value of icamax is determined at the in- 
tersection of the plate-voltage coordinate 
corresponding to ehmin with the grid- 
No. 1 voltage coordinate corresponding 
to ecimax)- Then, using the value of Ks 
given in Table I for the conduction an- 
gle employed, calculate the dc grid-No.2 
current (Ica) as follows: 

Ica — Ks X icjmnx 
Grid-No.2 input (Wci) is then given by 

Wc2 = Ec. X Ir2 

If this value of Wc. exceeds the maxi- 
mum rating for grid-No.2 input given in 
the tube data, it will be necessary either 
to reduce Ecg or to employ a smaller 
conduction angle. 

Calculate operating values for the 
RCA-6146 in Class C Telegraphy Service 
under CCS conditions. The basic oper- 
ating values are selected to be: Eb=600 
volts; Ib=112 milliamperes; Ec2=150 
volts; plate-conduction angle= 140 de- 
grt^es. 

(1) Plate input (Pi) = 600 volts X 
0.112 ampere=67.2 watts. This value is 
just within the maximum CCS rating of 
67.5 watts. 

(2) Fi-om Table I, Kt for a conduc- 
tion angle of 140 degrees is 4. Therefore, 



peak plate current (ibniax) = 0.112 am- 
pere X 4 « 0.448 ampere, or 448 milli- 
amperes. 

(3) From the plate family for the 

6146 given in Fig. 44 (Ec2=150 volts), 
a suitable value for effective minimum 
plate voltage (eb„iin) to the right of the 
"knee" is 70 volts. The corresponding 
peak positive grid-No. 1 voltage (ecnnax. 
determined from Eci curves) for a peak 
plate current of 448 milliamperes is 
approximately +16 volts. 

(-1.) From Table I, K. for a conduc- 
tion angle of 140 degrees is 0.862.There- 
fore, power output (Po) = 0.862 X (600- 
70) X 0.112=51 watts. 

(5) Plate dissipation (P,,) = (600 X 

0. 112)-51 = 16.2 watts. This value is 
well within the maximum plate-dissipa- 
tion rating of the GI46 for class C teleg- 
raphy under CCS conditions (20 watts), 

(6) The dc grid-No. lor bias voltage 
(Eci) and peak rf grid-No. 1 voltage 
(Egi) are calculated next. (Note that 
bias voltage Ed is not the Eci shown in 
the characteristics curves, whicli repre- 
sents total grid voltage, i.e., the alge- 
braic sum of the bias E^i and peak rf 
grid-No.l voltage ecima^). From table 

1, Ka and K4 for a conduction angle of 
140 degrees are, respectively, 0.520 and 
1.520. From the technical data for the 
6146, mu-factor (jugagi) is 4.5. Therefore, 

Ec, = -(0.520 X 16) ^'^l^ ^^^ =-8.3 

-50.6»-58.9,cr approximately-59 volts. 

(7) Peak rf grid-No.l voltage (EgJ 
= -(-59) + 16=. 75 volts. 

(8) The next step is to determine dc 
grid-No.l current (loi). From the grid- 
No.l average characteristics curves 
shown in the tube data (E02 = 150 
volts), for ebmin of 70 volts and Qcimax 
of -|-16 volts, peak grid-No.l cuixent 
(iciniax) — 28 milliamperes. 

From Table II, Ke for the ratio 
Eci/Egi= 59/75 = 0.787 is between the 
values given for ratios of 0.75 and 0.80, 
and is approximately 9. Consequently, 
Ici= 0.028/9= 0.0031 ampere, or approx- 
imately 3 milliamperes. 

(9) The driving power required by 
the grid (Pd)= 0.9 X 75 X 0.003 = 0.203, 
or approximlately 0.2 watt. 

(10) From the grid-No.2 character- 
istics curves shown in the tube data 
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Fig. 44 



(Ec2= 150 volts), for Eb= 70 volts and 
Eci=4-16 volts, peak gi'id-No.2 current 
(tcsmax) « 59 milUamperes (approx.) 

From Table I, Ks for a conduction 
angle of 140 degrees is 0.200. Conse- 
quently, dc grid-No.2 current (Ica) = 
0,aOO.X 0.059= 0.0118 ampere, or 11.8 
milikmperes. Grid-No. 2 input (We-,) = 
150 X 0.0118 = 1.77 or approximately 
1.8 watts. This value is well within the 
Maximum rating for the 6146 (3 watts). 

These calculated values are com- 
pared below with the "Typical Opera- 
tion" values given in the published data 
for the 6146 in Class C Telegraphy Serv- 
ice, CCS conditions, as amplifier up to 
60 Mc: 
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Class C Telegraphy Sarvice 

Triodes 

Calculations for triode class C am- 
plifiers are similar to those described for 
multigrid tubes except that somewhat 
different considerations are involved in 
the determination of effective minimum 
plate voltage (eumin) and Peak positive 
grid voltage (ecmax). and that calcula- 
tions for grid-No.2 current and input 
are not required. 

(1) Choose a plate voltage (Eb) and 
a dc plate current (lb) which provide a 
plate input (Pi) within the maximum 
rating for the tube. Also select a suitable 
conduction angle (preferably 140 de- 
grees). 

(2) Using the value of Ki given in 
Table I for the conduction angle se- 
lected, calculate the peak plate current 
(ibmax) as follows: 

bmax = lb X Ki 

(3) Determine peak positive grid 
voltage (ecmax) and effective minimum 
plate voltage (cbmin) for value of 
^bmax fi^om the plate-family curves for 
the tube. 

The maximum permis^ble value of 
eomax and the minimum permissible 
value of ebmiD are determined at the 
point where horizontal coordinate 
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representing the peak current intersects 
the "Ec = Eb" line (sometimes called 
"Diode Line")- It is generally desirable 
that ebniiii be slightly more positive than 
eo,Ti;ix- If Gbniin is Smaller than et-max- the 
grid will be driven more positive than 
the plate and will draw excessive cur- 
rent, and the peak plate current will be 
reduced. In addition, the harmonic out- 
put of the stage will be greatly increased. 

(4) Using the value of Ka given in 
Table I, calculate the power output 
(Po) as follows: 

Po - Ka X (Eb - CbmlJ X lb 

(5) Plate dissipation or plate loss 
(Pp) is then ^ven by 

Pp = (Eb X lb) - Po 
If this value exceeds the maximum plate- 
dissipation rating of the tube, it will be 
necessary to recalculate steps (1) through 
(5) using a smaller conduction angle. 

(6) Using the value of given in 
Table I, calculate the gridbias (Eo) re- 
quired as follows: 

Eo = - [Ki X (eoioax 4- ebniiu//*) 4- Eb//*] 

where pt is the amplification f actoj: shown 
in the published data for the tube. 

(7) ' The peak rf grid voltage (Eg) 
required to drive the grid from bias level 
to the peak. positive value determined 
in step (3) is given by 

Eg = -Ec -f ecmax 

(8) Determine peak grid current 
(icmax) from the grid-current character- 
istics curves. (The value of icmax Is 
shown at the intersection of the plate- 
voltage coordinate corresponding to 
ebmin with the grid-voltage curve corre- 
sponding to ecmas)' Then, using the 
value of Kfi given in Table II for the 
calculated values of Ec and Eg, deter- 
'Ste the dc grid current (Ic) as follows: 

Ic = icmAx/1^5 

If this value of Ic is greater than the 
maximum grid-current rating for the 
tube, or is undesirably large, it will be 
necessary to recalculate xxsing a higher 
value for ebmin- 

(9) The approximate driving power 
(Pd) required by the tube is then given 

by Pa« 0:9XE,X lo 

Example; 

CalcMlste operating values for the 



RCA-812-A for Class C Telegraphy 
Service under ICAS conditions. The 
plate voltage is selected to be 1500 volts; 
the plate input, the maximum rated 
value for the tube; and the {date^on- 
duction angle, 140 degrees. 

(1) From the published data for the 
812-A, the maximum plate-input rating 
is 260 watts. The dc plate current (lb) 
required to provide this input at a plate 
voltage, (Eb) of 1500 volts is lb = 
260/1500 = 0.173 ampere, or 173 milli- 
amperes. 

(2) From Table I, Ki for a conduc- 
tion angle of 140 degrees is 4. Therefore, 
peak plate current (itunnx) = 0.173 X 
4.00 = 0.692 ampere, or 692 milliamperes. 

(.3) The average characteristics 
curves given in Fig. 45 show that a peak 
plate current of 692 milliamperes is ob- 
tained at a peak positive grid voltage 
(^cmax) of 118 volts and an effective min- 
imum plate voltage (ebmin) 140 volts. 

(4) From Table I, Kjfor a conduc- 
tion angle of 140 degrees is 0.862. There- 
fore, power output (Po)= 0.862 X (1500 
-140) X 0.173 - 203 watts (approx.). 

(5) Plate dissipation (Pp) = (1500 
XO.173) -203=57 watts (approx.) 

This value is well witliin the 65-watt 
inaximum rating for the 812-A for class 
C telegraphy under ICAS conditions. 

(6) From Table I, Kus 0.520. From 
the published data, the amplification fac- 
tor fi is 29. Therefore, the dc grid voltage 
or bias(Ec) = -[0.520x(118+ 140/29) + 
1500/ 29] =- [0.520 X (118 + 4.8) + 52] 
=: -(64 4- 52)= -116 volts. 

(7) Peak rf grid voltage (Eg) = 
-(-116) + 118 = 234 volts. 

(8) From the average characteris-" 
tics curves shown in Fig. 45, for ec^ax of 
+ 118 volts and ebmin of 140 volts, peak 
grid current (iomax) = 195 milliamperes 
(approx.). 

From Table II, Kg for the ratio 
Ec/Eg= 116/234, or approximately 0.5, 
is 5.78. Consequently, the dc grid cur- 
rent (Ic) = 0.195/5.78= 0.0337 ampere, 
or 34 milliamperes (approx.). 

(9) The driving power required at 
the grid (Pd) = 0.9 X 234 X 0.034 = 7.2 

watts. 

These calculated values are com- 
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pared below with the "Typical Opera^ 
tion" values given in the published data 

for the RCA-812-A in Class C Teleg- 
raphy Service, ICAS conditions: 



Calcu- Pub- 
lated liahed 

DC Plate Voltage(Eb) 1500 1600 

DC Grid Voltase(Eo) -116 -120 

Peak RF Grid Voltage(Es) . . 234 240 

DC Plate Current (lb) 173 173 

DC Grid Current, 

(Approx., Ic) 34 30 

Driving Power (Approx., Pd) 7.2 6.5 
Power Output (Approx., Po) 203 190 



Tolta 
volta 
volts 
ma 

ma 
watts 
watta 



Frequency Multipliers 

Mulfignd Tubes 

Operating values for multigrid tubes 
used as frequency multipliers are also 
calculated as described above under 
Class C Telegraphy Service, except that 
values for the constants Ki, K;, Ks, K4, 
and Ks are obtained from Table III in- 
stead of Table I. 



Plate-Modiildted 
Class C Telephony Service 

Operating values for plate-modu- 
lated class C amplifiers may also be cal- 
culated by the procedure described 
above. As mentioned previously, how- 
ever, dc plate-voltage and dc plate-input 
values selected for plate-modulated am- 
plifiers must be within the maximum 
ratings given in the tube data for this 
type of service. 

In general, adequate protection 
against excessive dc plate input is ob- 
tained when the dc plate voltage and 
plate current do not exceed 80 per cent 
of the maximum class C telegraphy 
values. It is also usually desirable to em- 
ploy a conduction angle smaller than 
that used in telegraphy service to assist 
in obtaining linear modulation, as dis- 
cussed previously. 



Doubler 

Tripler 

Quadrapler 



Ki 
4.60 
6.90 
9.00 



Table 
Kj 
0.63 
0.63 
0,63 



Ki 
1.00 
3.27 
6.46 



K* 
2.00 
4.27 
7.46 



Kb 
0.174 
0.116 
0.089 



Triodes 

Operating values for triodes used as 
frequency multipliers are also calculated 
as described above, except that values for 
the K constants are obtained from Table 
III instead of Table I, and the following 
equation is used to determine the value 
of grid-bias voltage: 

Ec= - (KaX Eg^^,) +^ (3 Eb-ebn,in) 

Class ABi SSB Service 

Multigrid Tubes 
The operating conditions for a class 
ABi linear rf amplifier used in single- 
sideband service can be estimated from 
the load line plotted on a set of plate 
characteristics. The typical plate and 
grid-No.2 characteristic curves shown in 
Figs. 46 and 47 are used in the following 
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procedure. All published maximum rat- 
ings must be observed for each step. 

(1) Choose values of plate voltage 
(E|)) and grid-No.2 voltage (Ecj) within 
the published maximum ratings. 



higher-valued fraction places the static 
current level in the more linear portion 
of the dynamic transfer curve. 

(4) Determine the minimum plate 
voltage (Ebmiii) from point of Ibm« 



(2) Determine peak plate current found in (2). 



TYPICAL PLATE CHARACTERISTICS 
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CIt'miw) for zero bias (Eci = 0) at or 
slightly below the knee of the zero-bias 
curve for the value of chos^ in step 
(1). 

(3) Select a value of zero-signal 
plate current (Ibo) between l/6andl/10 
of Ibrnax fouud in (2). Locate Ih^ at se- 
lected Eh and construct a load line to 
the point found in (2). In general, the 



2900 

VOLTS 9ZCM-ll2SaT 

46 

(5) Determine the grid-No. 1 bias 
(Eti,) from graph at the point of zero 
signal found in (3). 

(6) DC plate current at peak of 
envelope (Iiig) is approximately equal to 
Ibmax/ 3 • 

(7) Average dc plate cuitent (lb) 
is equal to Ibe/1-4. 

(8) Determine peak grid-No. 2 cur- 
rent (Icimix) from Fig. 47 at conditions 
in (2). 

(9) DC grid-No.2 current at peak 
of envelope (Ic^) is approximately equal' 

to Irimas/ 4. 

(10) Average grid-No. 2 current 
(Icj) is approximately equal to I,..,e/1.4. 

(H) Averagegrid-No. 2 dissipation 
(Po,) is approximately equal to Ec, Xloj. 

(12) Peak Envelope Power input 
(Piiie) is equal to Ei, X Ihe- 

(13) Peak Envelope Power output 
(PEP) is equal to (Ibmax/4) (Eb-Ebmia)- 

(14) Average Plate Dissipation 
(Pp) is equal to 0.7 P|.»e - 0.5 PEP. 

(15) Average Power Output (Po) 
is equal to PEP/2. 

(16) Effective rf load resistance 
(Rp) is equal to 2(Eb - Ebmtn)/Ibo- : 

Example: 

Calculate onerating values for the 
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RCA-8072 linear rf power amplifier for 
single-sideband service with two-tone 
modulation. 

(1) The plate voltage is selected to 
beTOO'volts; grid-No.2 voltage, 250 volts. 

(2) On Fig. 46 plot the maximum- 
signal point at knee of Eci = 0 curve 
(point A). Read Ibmax = 0.65 ampere 
Locate Ebmin at 250 volts. 

(3) I,.o = (1/6.5) X 0.65 = 0.10 
ampere. 

(4) On Fig. 46 plot the Bninimum- 
signal point at Eb = 700 yolts and Ibo — 
0.10 ampere (point B). 

(5) On Fig. 46 read Eci at -15 volts 
at minimum-signal point B. ' 

(6) Calculate: Ibe - Ibmax/3 = 
0.650/3 = 0.22 ampere. 

(7) Calculate: lb « IbJXA =>: 0.22/ 
1.4 = 0.16 ampere. 

(8) On Fig. 47 locate point A at Eb 
= 250 volts and Eci>0 on grid-No.2 
current curves. Read Icjmas = O.0iB5 
ampere. 

(9) Calculate: Ic-e = Icjmax/4 = 
0.065/4 = 0.016 ampere. 

(10) Calculate: Icj = Ic„/1.4 = 
0.016/1.4 == 0.011 ampere. 

(11) Calculate: P,,, =. Ec, X Ica = 
250 X 0.011 = 2.7 watts. Verify that 
grid-No.2 dissipation is within rating. 

(12) Calculate: Piue = Eb Ibe = 700 
X 0.22 = 154 watts. 

(13) Calculate: PEP = (Ibni!u/4) 

(Eb - Ebnua) = (0.650/4) (700 - 250) « 
73 watts. 

(14) Calculate: Py = 0.7 Pme -0.5 
PEP = 0.7 (154) - 0.5 (73) = 71 watts. 

(15) Calculate:P« = PEP/2 = 73/2 
« 36.5 watts. 

(16) Calculate: Rp = 2 (Eb - 
Ebmin)/Ibm« = 2(700-250)/0.65 = 1384 
ohms. 

triodes 

Operating conditions for high-mu 
triodes at zero-bias grid-drive conditions 
with two-tone modulation may be cal- 
culated as follows. 

(1) Select a plate voltage (Eb) 
within the maximum rating of the tube. 

(2) Determine dc plate current at 
peak of envelope (Ibe) which gives a 
plate input approximately 90 per cent 
of the plate input at the peak of envelope 



Ibe = 0.9 Ph.max/Eb 

Verify value to be within maximum rat- 
ings. 

(3) Determine peak plate current 
(Ibmax) as 3 Ibe found in (2). 

(4) Determine average plate cur- 
rent (lb) as Ibe/1.4. 

(5) Determine peak positive grid 
voltage (Ecmax) and effective minimum 
plate voltage (Ebmin) for this value of 
Ibmax from the typical platejcharacter- 
istica for the tube. 

The maximum permissible value of 
EcBiax and the minimum permissible 
value of Ebmin are determined at the 
point where the horizontal coordinate 
representing the peak current intersects 
the Ec = Eb line (sometimes called "Di- 
ode Line"). It is generally desirable for 
Ecioax to be 75 per cent of Ebmin- 

(6) Zero-signal dc plate current 
(Ibo) is equal to Ibe/5. 

(7) Peak of envelope power input 
(Floe) is equal to Eb in (1) times Ibe (2)< 

(8) Calculate peak envelope 
power output (PEP) as follows: 

PEP = (Ibmax/4) (Eb - Ebmin) 

(9) Average plate dissipation (Pp) 
is equal to 0.7 Pine - 0.5 PEP. Verify 
value to be within maximum ratings. If 
exceeded, reduce Ibmax slightly; if still 
exceeded, reduce Eb. 

(10) Peak rf grid voltage (Eg) is 
equal to Ecmax for zero-bias conditions. 

(11) Determine peak grid current 
(Icmiix) from the grid-current character- 
istics curves. The value of Icmax is shown 
at the intersection of the plate-voltage 
coordinate corresponding to Ebunn with 
the grid voltage curve corresponding to 

(12) Peak-envelope grid current 
(Ice) is equal to one-third Icmax in (H)* 

(13) Average dc grid current (lo) 
to 1/1.4 lee in (12). 

(14) Calculate driving power of 
tube (Pd) as follows: Pa = Eg (Icmax/4). 

(15) Calculate effective rf load re- 
sistance (Rp) as follows: Rp = 2(Eb - 

Ebmln)/Ibmax* 

For cathode-drive conditions, it is 
necessary to calculate the feedthrough 
driving power (Prt) as follows; 

Pit = Eg (Ibmax/4) 

The feedthrough power must then 
be added to both the driving power (Pa) 
in (12) and the peak-envelope power 
(PEP) in (10), The effective rf load re- 
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sistanee (R,,) in (13) must be modified 
as follows; Rp = 2CEb - Ebmiii + Eg)/ 

Example: 

Calculate operating values for the 
RCA-811A for linear rf power amplifier 
service under ICAS conditions. Refer to 
Fig. 48ior curve values. 



(15) Calculate: Rp = 2(Eb - 
EbroiuVlw = 2 (1250- 80)70.36 = 
6600 ohms. 

Class AB and Class B 
AF Amplifier Service 

Push-pull class AB and class B af 
amplifiers are assumed to have a con- 



AVELRAGE CHARACTERISTICS 




2400 

92CM-W7ST 



(1) Select Eb = 1250 volts. 

(2) Calculate: Ibe = 0.9 Pine/Eb = 
0.9 X 165/1250 = 0.12 ampere. 

(3) Calculate: It.max = 3 lb, = 3 X 
0.12 = 0.36 ampere. 

(4) Calculate: L, = IbJlA « 0.12/ 
1.4 = 0.09 ampere. 

(5) On Fig. 48 locate Ib^ax = 0.36 
ampere at Point A. Read Eomax = 80 
volts; Ebmii, = 80 volts. 

(6) Calculate Ibo = W6 ^ 0.12/5 
= 0.024 ampere. 

(7) Pine = Eb Ifte « 1250 X 0.120 
= 150 watts. 

(8) Calculate: PEP = (Ibma.x/'l)(Eb 
-Ebmin) = (0.36/4) (1250 - 80) « 0.09 
(1170) = 105 watts. 

(9) F„ = 0.7 Pine - 0.5 PEP = 
(0.7) 150-(0.5) 105 = 52.5 watts. 

(10) Record: E« = Eo,„as = 80 
volts. 

(11) On Fig. 48 locate Icmax = 
0.12 ampere at Point C. 

(12) Calculate: Ice = 
0.12/3 = 0.04 ampere. 

(i:^) Calculate: Ic = 
0.04/1.4 = 0.028 ampere. 

(14) Calculate: Pa = Eg (Ioniax/4) 
= 80 (0.12/4) = 2.4 watts. 



Ictuftn/S 
Ice/1.4 



duction angle of 180 degrees. 



This assumption is permissible (even 
though the actual conduction angle per 
tube,is.slightly greater than 180 degrees) 
because any plate currents drawn simul- 
taneously by the two sides of the circuit 
are effectively cancelled in the output 
transformer and do not appear in the 
composite plate-current waveform. DCJ 
voltage, current, input, and dissipation 
valu« for af amplifiers are calculated on 
aper-tube basis; ac values such as power 
output, driving voltage, and driving 
power are calculi^ed for the entire i^age. ' 

The pi ate-cireuit loads for af ampli- 
fiers are usually iron-core transformers, 
which are not adjustable to the same de- 
gree as the rraonant tank circiiits used 
as loads for rf amplifiers. To assure 
proper loading for a class AB or B stage, 
therefore, it is necessary to calculate the 
plate-to-plate load resistance required, 
and to provide an output transformer or 
coupling device which presents this re- 
sistance to the plate circuit of the ampli- 
fier when connected to the external load. 
Because the dc plate current of a class 
AB or class B af amplifier is small under 
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zero-signal conditions and incre;'..ses with 
amplitude of the driving signal, it is also 
necessary to calculate both the zero-sig- 
nal plate current (Ibo) and the maximum- 
signal plate current (Ibmiix)- The maxi- 
mum-signal value should not be con- 
fused with the peak plate current {ibmax)i 
which is the highest instantaneous value 
and, at the assumed conduction angle of 
180 degrees, is equal to 3.14 X Ibmax- 

Class AB2 Amplifiers 

Multigrid Tubes 

(1) Choose a plate voltage (Eb), a 
dcgrid-No.2 (screen-grid) voltage (Ec.), 
and a maximum-signal dc plate current 
(Ibmax) which provide a maximum-sig- 
n£d plate input within the maximum 
ratings for the tube. Assume a plate- 
conduction angle of 180 degrees. 

, , . (2) Using.the value Ki = 3.14 given 
in Table"! for a conduction angle of 180 

degrees, calculate the peak plate current 
(ibmas) Psr tube as follows: 

^bmax X Ibmax ^ 3.14 Ibmax 

(3) Determine peak positive grid- 
No.l voltage (eciniax) and effective mini- 
mum plate voltage (ebmiii) from the 
plate-family curves for the tube for the 
calculated value of ibmox and the chosen 
value of Ec2. As mentioned earlier for 
class C amplifiers, the best compromise 
from the standpoints of plate-circuit 
efficiency and power sensitivity is ob- 
tsuned when ebmin is slightly to the right 
of the "knee" in the appropriate grid- 
voltage curve. 

(4) Using the value of K2 = 0.785 
given in Table I, calculate the power 
output (Po) for the stage (two tubes in 
push-pull) as follows: 

Po= 2Kj X (Eb - Bbmin) X Ibmax 
« 1.57 X (Eb - ebmiu) X Ibinax 

(5) The plate dissipation (Pp) per 
tube is then given by 

Pp = (Eb X Ibmax) - Po/2 
If this value exceeds the maximum plate 
dissipation rating per tube for class AB2 
service, it'will be necessary to recalcu- 
late steps (1) through (5) using either a 
smaller peak plate current (and, conse- 
quently, a smaller maximum-signal dc 
plate current), or a lower value of ebmin. 

(6) The zero-signal dc plate current 
(Ibo) tube is selected to provide a 



combination of high power output with 
low odd-harmonic distortion. A small 
value of Ibo is desirable for high power 
output, but a value above the "knee" of 
the tube characteristic must be used to 
minimize distortion. 

In most cases, a suitable value for 
Ibo is one which results in a zero-signal 
plate dissipation per tube of one-third 
to one-half the maximum rated value 
(Ppmax)- For one-tMrd maximum dissi- 
pation, the zero-signal plate current 
(Ibo) per tube is given by 

Ido= Ppimx/(3 X Eb) 

(7) The dc grid-No.l bias voltage 
(Eci) required to obtain the desired 
value of I],„ can then be determined 
from the plate-family curves for the 
chosen value of Ecj. 

(8) The peak af grid-No.l (driving) 
voltage (Egi) required for each tube is 
given by 

The total driving voltage (Eg^^gi) re- 
quired for the stage, therefore, is given 
by 

Egi.«,= 2 X (Eg,) = 2 X (-Eci + ecmaJ 

(9) The plate-to-plate load resist- 
ance (Rlp-p) required for a push-pull 
class AB3 or class B af amplifier is given 
by 

Rlp-P = 1-27 X (Eb - ebmin)/Ibmax 

This value is four times the resistance 
represented by a load line drawn on the 
appropriate plate-family curves for the 

tube from the ibmax» ^min point to the 
intersection of the plate-voltage (Eb) 
coordinate with the lb = 0 axis. 

(10) Determine the peak grid-No.l 
current (iciii,.-,x) per tube from the grid- 
No. l-current curves given for the tube. 
The value of icimax is shown at the in- 
tersection of the ebmin coordinate with 
the eciinax curve. 

(11) The maximum-signal driving 
power (Pd) required by the push-pull 
stage is given by 

Pd = icimax X Egi/2 
(12 )The peak grid-No.2 current 

per tube (ic^miix) is obtained from the 
grid-No.2 characteristics curves for the 
chosen grid-No.2 voltage. 

(13)Usingthe value K5= 0.25 given 
in Table I for a conduction angle of 180 
degrees, calculate the maximum-signal 
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giid-No.2 current (Icamax) ,P®r tw^® 
follows: 

■ Icsmax Ks X icsmax ~ 0.25 ie^max 

(14) The maximum-signal grid-No.2 
input (Wfls) per tube is then given by 

If this value of Wc.. exceeds the maxi- 
mum rating for the tube, it will be neces- 
sary to reduce either ebmio or Eoj. 

The zero-signal grid-No. 2 current 
Clo2o) is usually a small fraction of the 
maximum-signal current (Ic2inax)' Con- 
sequently, it has little or no effect on the 
maximum grld-No.2 input, and is not 
an important consideration. 

Example: 

Calculate operating values for a 
push-pull cluss AB-. af amplifier stage 
using two RCA-6146 tubes operating 
under ICAS conditions. The basic oper- 
ating values are Eb = 600 volts, Ec2 = 
200 volts, and Ibmnx= 135 milliamperes 
per tube. 

(1) Plate input per tube (Pi) = 600 
X 0.135 = 81 watts. This value is well 
within the maximum rating of the 6146 
for this type of service (90 watts). 

(2) For a conduction angle of 180 
degrees, peak plate current per tube 
(ibmax)= 3-14 X 0.135= 0,424 ampere, 
or 424 milliamperes. 

. (3) From the average plate charac- 
teristics curves for Eca = 200 volts given 
in the data section, the peak positive 
grid-No. 1 voltage per tube (ecmiax) = 
+5 volts (approx.) and the effective 
minimum plate voltage (ebmin) = 65 
volts (approx,). 

(4) Power output for two tubes in 
push-pull (Po)= 1.57 X (600-65) X 0.135 
- 113.5 watts. 

(5) Plate dissipation per tube (Pp) 
= (600 X 0.135) - 113.5/2= 24.2 watts. 

(6) For one-third maximum rated 
plate dissipation, zero-signal dc plate 
current (Ibo) = 25/(3 X 600) = 0.0139 
ampere, or 14 milliamperes (approx.) 

per tube. 

(7) From the plate-family curves 
for Eo2 = 200 volts, the dc grid-No.l 
voltage or bias (Ed) required to produce 
a zero-signal plate current of 14 milli- 
amperes per tube at a plate voltage of 
600 volts is approximately -51 volts. 

(S) The peak af grid-No.l-to-grid- 



No.l (driving) voltage (Egi-n) = 
2 [-(-51) 4-5] = 112 volts. 

(9) The effective plate-to-plate load 

,^ . 1.27X(600 -65) 
resistance (Rlp-p) oTsl ~ 

5033, or approximately 5000 ohms. 

(10) From the grid-No.l curves 
given in the data section for E02 = 200 
volts, peak grid-No.l current ^icimw) is 
8 milliamperes (approx.) for ecmua = 
-1-5 volts and ebmin = 65. 

(11) The driving power required to 
produce maximum power output (Pa) = 
(0.008 X 56)/2 « 0.22 watt. 

(12) From the grid-No.2 curves for 
Eos = 200 volts given in the data section, 
for ecimax=+5 volts and ebmin= 65 volts, 
peak grid-No. 2 current per tube (icamax) 
= 45 milliamperes. 

(13) The dc maximum-signal grid- 

N0.2 current per tube (Ic-, max)" 0:25 X 
45 = 11.2 milliamperes. 

(14) Maximum-signal grid-No. 2 in- 
put per tube (W02) = 200 X 0.0112 = 
2.24 watts. This value is well within the 
maximum rating for. the 6146 (3 watts 
per tube). 

These calculated values are com- 
pared below with the nearest "Typical 
Operation" shown in the published data 
for the 6146 in Class AB Operation, 
ICAS conditions. 

Values are for two tubes "J^" jf^^ 

DC Plate Voltage (Eb).. 600 600 volts 
DC Grid-No.2 

Voltage (Ecj) .... 200 190 volts 

DC Grid-No.l Voltage 

(Fixed Blaa, Eoi) -51 -48 volts 

Peak AF Grid-No.l-to- 

Grid-No.l Voltage 

(Eg,-(.i) 112 109 volts 

Zero-Signa! DC Plate 

Current (2Iiit>) 27 28 ma 

Maximum-Signal DC 

Plato Curn?nt (2Il)rnux) 270 270 ma 
Z«ro-Sigiial DC Grid- 
No.2 Current {2Ic2ij)... — 1.0 ma 
Maximum-Signal DC Gtid- 

N0.2 Current (2Icima.x) 22. 4 20 ma 
Effective Load Etesiatance 

(Plate to plate, Rlp^p) 6000 5000 ohAis 
Maximum-Signal Driving 

Power, (Approx., Pd). 0.22 0.3 watt 
Maximum-Signal Power 

Output, (Approx., Po) . 118 . 5 110 watts 

Class B Amplifiers 
Triodes 

The procedure for calculating ope^: 
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ating values for push-pull triode class B 
stages is substantially the same as that 
given uljove for multigrid-tube class 
ABa stages, but does not involve calcu- 
lations for grid-No.2 voltage, current, 
input, or dissipation. 

Example: 

Calculate operating values for a 
class B modulator stage using two RCA- 
812-A's operating under ICAS condi- 
tions. The dc plate voltage (Eb) is 1600 
volts, and the maximum-signal dc plate 
current (Ibmu) per tube is 165 milli- 
amperes. 

(1) Plate input per tube (Pj) = 
1600 X 0.155 = 232.5 watts. This value 
is slightly less than the maximum plate- 
input rating of the 812-A for ICAS 
operation (235 watts). 

(2) For a conduction angle of 180 

dogrees, the peak plate current per tube 
(ihmax) = X 0.155 = 0.487 ampere, 
or 487 milliamperes. 

(3) From the average plate charac- 
teristics curves shown in Fig. 45, for 
ii'max = 487 milliamperes, the peak posi- 
tive grid voltage (ecmax) = +90 volts 
(approx.) and the effective minimum 
plate voltage (eumin) = 100 volts. 

(4.) Power output for two tubes 
(Po) = 1.57 X (1500-100) X 0.155= 340 
watts (approx.). 

(3) Plate dissipation per tube (P,,) 
= (1500 X 0.155) -340/2 = 62.5 watts. 
This value is within the maximum rating 
for the 8i2'-A (65 watts). ■ 

(6) For one-third maximum rated 
dissipation, zero-signal dc plate current 
per tube (Ii.o) = 65/(3 X 1500) = 0.0145 
ampere = 14.5 milliamperes. 

(7) From the plate characteristics 
curves given in Fig. 45, dc grid voltage 
or bias (Ec) required to produce this 
value of plate current at a plate voltage 
of 1500 volts is approximately -45 volts. 

(8) The peak af grid-to-grid driving 
voltage required for maximum power 
output iEg.^j) = 2E = 2 [-(-45) +90] 
=270 volts. 

(9) The effective plate-to-plate load 

resistance (R..„) ^ l-^T X (1500-100) 

U.loo 

— 11500 ohms (approx.). 

(10) From the grid-current curves 



shown in Fig. 45, peak grid current 
(icmax) for Confix = + 90 volts and ebmin 
= 100 yolts is 140 milliamperes (approx.) . 

(11) The driving power required for 
maximum output (Pd) = (0.140 X 135) /2 
= 9.45, or approximately9.5 watts.These 
calculated values are compared below with 
the "Typical Operation" values for ICAS 
conditions shown in the published data 
for the RCA-812-A in Class B Modula- 
tor Service, ICAS conditions. 



Values are for two tubes 

DC Plate Vol tage(Eb).. 
DC Grid Voltage {Ec) . . 
Peak AF Grifi-to-Grid 

Voltage [Kt,-K) 

Zero-Signal DC Plate 

Current <2lbo) 

Maximum-Signal DC Plato 

Current (2Il>nuix) .... 
Effective Load Resistance 

(Plate-to-plate, Rlp-p) 
Maximum-Signai Driving; 

■Power (Approx.,Pd) . . 
Maximum-Signal Power 

Output (Approx., Po) . . 



Calnt- 
■ UUid 
1500 
^5 

270 

29 

310 

11500 

9.S 

340 



Pub- 
lithed 
1500 volts 

-48 TOltB 

270 volts 
28 ms 
810 ma 
18200 ma 
6 watts 
840 watts 



Conversion Factors 

Operating conditions for voltage 
values other than those shown in the 

published data can be obtained by tlie 
use of the iioiiiograph shown in Fig. 49 
when all electrode voltages are changed 
simultaneously in the same ratio. The 
nomograph includes conversion factors 
for current (F|), power output (F,,), 
plate resistance or load resistance (Fr), 
and transconductance (Fgm) for voltage 
ratios between 0.5 and 2.0. These fac- 
tors are expressed as functions of the 
ratio between the desired or new voltage 
for any electrode (Eaea), and the pub- 
lished or original value of that voltage 
(Epub). The relations shown are appli- 
cable to triodes and multigrid tjrpes in 
all classes of service. 

To use the nomograph, simply 
place a straight-edge across the page so 
that it intersects the scales for Edes and 
Epub at the desired values. The desired 
conversion factor may then be read di- 
rectly or estimated at the point where 
the straight-edge intersects the Fi, Fp, 
Fr, or Fgm scale. 

For example, the dashed lines on 
the nomograph show that for a ratio 
Edes/Epub of 2/2.5 (all electrode volt- 
ages reduced 20 per cent), Fi is approxi- 
mately 0.72, Fp is approximately 0.5*7, 



57 



RCA Transmitting Tubes 



Fr is 1.12, and Fgm is approximately 
0.892. These factors may be applied di- 
rectly to operating values shown in the 
tube data, or to values calculated by the 
methods described previously. 

When only one electrode voltage of 
a tube is changed, for example in the 
calculation of operating conditions for a 
multigrid tube operated at a grid-No.2 
voltage for which curve families are not 
available, the nomograph is used twice. 
The procedure is shown in the following 
example: 

Determine operating values for an 
RCA-6146 beam power tube in Class C 
Telegraphy Service at its maximum 
ICAS plate-voltage (En) and plate-input 
(Pi) ratings of 750 volts and 90 watts, 
and at a grid-No.2 voltage (Eos) of 160 



volts. (The dc plate current Id of the 
tube under the desired conditions is 90 
watts/750 volts, or 120 milliamperes.) 

Because curve families are not avail- 
able for an Eca of 160 volts, operating 
conditions must first be calculated for 
the nearest value of Ec., for which curves 
are available (i.e., 150 volts). For this 
calculation, the chosen values of Eb and 
lb must be converted to the correspond- 
ing values for Eoa = 150. The plate volt- 



age (Eb) becomes 



75 0 X 1 50, 
160 



or approxi- 



mately 703 volts. Using conversion-fac- 
tor values obtained from the nomograph 

for the voltage ratio 150/160, the plate 
current (lb) = Fi X lb = 0.91 X 120, or 
approximately 109 milliamperes. 

For a conduction angle of 140 de- 
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grees, Ki = 4 and the peak plate current 
(ibmax) - 4 X 109 = 436 milliamperes. 

From the plate-family curves of the 
6146 for Eca = 150 volts shown in the 
tube data, the effective minimum plate 
volt^e (ebmtn) = 75 volts and the peak 
positive grid voltage (ecimax) == +15 
volts. 

From the corresponding grid-No. 1 
and grid-No.2 curve families, peak grid- 
No.l current (icimax) = 24.5 milli- 
amperes and peak grid-No. 2 current 
(icjmax) ~ 39.5 milliamperes. 

These ii^tantaneous voltages and 
currents can now be converted to cor- 
responding values for the desired Ec2 of 
160 volts. For the voltage ratio 160/150, 
or 1.066, ebniin = X 1.066, or approxi- 
mately 80 volts, and ecmiax = +15 X 
1.066, or approximately 16 volts. 

From the nomograph, the current 
conversion factor Fi for the ratio 1 60 /1 50 
is l.l.Consequently, icimax = 24.5 X 1.1, 
or approximately 27 milliamperes, and 
39.5 X 1.1, or approximately 48.6 
milliamperes. 

The remaining operating values can 
then be calculated: Power output (Po) 
= K. X CEb-ei„„t,0 X lb = 0.862 (750- 
80) X 0.120 = 69.3 watts. 

Thedc grid-No. 1 voltage or bias (Eci) 

= -(^3 X ec,„,..) -i^i^^==-(0.52 

X 16) -1.52 (160/4.5), or approximate- 
* ly -62 volts. 

The peak rf grid-No.l voltage (En) 
= -(-62) -t-16 = 78 volts. 

From Table II, the constant Kt « 
9.16 (approx.) for an Eci/Eri ratio of 
62/78, or 0.795. Consequently, the do 
grid-No.l current (Ici) = 27/9.16, or 
approximately 3 milliamperes. 

The dc grid-No.2 current (Tea) - 
X icimax = 0.2 X 43.5, or 8.7 milli- 
amperes. The dc grid-No.2 input (Wej) 
= 160 volts X 0.0087 amperes, or ap- 
proximately 1.4 watts. 

These calculated values are com- 
pared below with the published "Typi- 
cal Operation" values for the 6146 in 
Class C Telegraphy, ICAS conditions: 

Caieu- Pub' 

lated litJted 

DC Plate Voltaee (Bb) . . 760 7B0 Tolti 
DC Grid-No.2 

YottavB <Ew> 160 160 volts 
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0.21 
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69.3 


70 


watts 


Plate-input power (Pi) . . 


90 


90 


watts 


Plate dissipation (Pd). . . 


21 


20 


watts 


Grid-No.2 Input (Wo). . 


1.39 


1.76 


watts 



Because this method for conversion 
of characteristics is necessarily an ap- 
proximation, the accuracy of the nomo- 
graph decreases progressively as the 
ratio Edes/Epui) departs from unity. In 
general, results are substantially correct 
when the value of the ratio Edes/^pub 
is between 0.7 and 1.5. Beyond these 
limits, the accuracy decreases rapidly, 
and the results obtained must be con- 
sidered rough approximations. 

The nomograph does not take into 
consideration the effects of contact po- 
tential or secondary emission in tubes. 
Because contact-potential effects be- 
come noticeable only at very small dc 
grid-No.l {bia.s) voltages, they are gen- 
erally negligible in power tubes. Second- 
ary emission may occur in conventional 
tetrodes, however, if the plate voltage 
swings below the grid-No.2 voltage. 
Consequently, the conversion factors 
shown in the nomograph apply to such 
tubes only when the plate voltage is 
greater than the grid-No.2 voltage. Be- 
cause secondary emission may also oc- 
cur in certain beam power tubes at very 
low values of plate current and plate 
voltage, the conversion factors shown in 
the nomograph do not apply when these 
tubes are operated under such conditions. 

Adjustment and Tuning 

AF equipment does not normally 
require tuning or preliminary adjust- 
ments other than those necessary for 
obtaining plate-current balance in push- 
pull stages. Subsequent operating adjust- 
ments of gain or input-signal level and 
"tone" or frequency response can usually 
be made without the aid of auxiliary 
equipment. 

Tuning and operating adjustments 
in rf power equipment, however, are nu- 
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merous and complex and require tbe use 
of instruments for accurate measurement 

of frequency, dc grid current, dc plate 
voltage and current, and dc screen-grid 
(grid-No. 2) voltage and current of multi- 
grid tubes. Other equipment which may 
be necessary or useful includes: a grid- 
dip oscillator for preliminary tuning of 
resonant tank circuits and for neutrali- 
zation adjustments; a "dummy load" 
(an incandescent lamp or non-inductive 
resistor having suitable resistance and 
wattage rating) used to absorb the power 
output of the final stage so that unau- 
thorized frequencies or other improper 
signals which may be produced during 
preliminary adjustments are not radi- 
ated by the antenna system or load; 
simple rf indicators, such as a neon lamp 
or a small flashlight bulb which is con- 
nected to a one- or two-turn loop of wire; 
andsimpledevicesformeasuringapproxi- 
mate frequency, such as absorption-type 
wavemeters. A cathode-ray oscilloscope 
is desirable for proper adjustment of 
radiotelephone, television, and facsimile 
transmitters. 

Because a dass C stage may draw 
excessive plate current if operated even 
momentarily into an improperly tuned 
plate-tank circuit, all plate-tank circuits 
should be tuned to their ^proximate 
operating frequencies (with the aid of a 
grid-dip oscillator) before actual operat- 
ing adjustments are begun. During this 
preliminary tuning procedure, all plate, 
screen-grid, and grid-bias supplies should 
be turned off, but all tubes and circuit 
components should be in place and nor- 
mal filament or heater voltages should 
be applied to the tubes to assure, that the 
stray capacitance and inductance of each 
stage are substantially the same as those 
present during operation. 

Tuning Procedure 

Tuning and adjustment of rf power 
equipment starts in the oscillator or in- 
put stage, and continues through suc- 
ceeding stages along the path followed 
by the rf signal. The procedure used in 
tuning class C stages is generally the 
same for all types of service, circuit con- 
figurations, and tube types. Consequent- 
ly, the procedure given below for tuning 
a "straight-through" rf amplifier stage 
also applies to frequency multipliers. It 



is assumed that the amplifier has been 
properly neutralized, if required, by the 
method described later, and that the 
preceding stage or "driver" has been 
properly tuned and is delivering full osxtr 
put at the desired frequency. 

(1) Make sure that all power to the 
equipment is off. 

(2) Disconnect all positive plate, 
screen-grid, and suppressoi>grid supply 
leads from the amplifier and from aU 
following stages. 

(3) If variable coupling is used be- 
tween driver and amplifier, adjust the 
coupling to approximately one-hsdf 
maximum. 

(4) Apply only normal filament or 
heater voltage to the amplifier, and all 
normal operating voltages to the driver. 

(5) Quickly tune the driver plate 
circuit to resonance, which is indicated 
by a dip in driver plate current, as shown 
in Fig. 50, and by maximum grid cur- 
rent in the amplifier stage. If the ampli- 
fier has a tuned grid circuit, this circuit 
shoxild also be tuned to resonance (indi- 
cated by an increase in the amplifier 
grid current). 

(6) Increase the coupling between 
driver and amplifier, being careful not 
to exceed the maximum permissible grid 
current for the amplifier tube or tubes. 
It shoiild be possible to obtain full rated 
grid current for the amplifier stage with- 
out overioading the driver (overload 
being indicated by excessive driver plate 
current at resonance). 

(7) Retune the driver plate circuit 
(and the amplifier grid circuit) to reso- 
nanx». This procedure should dways be 
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followed after a change is made in 
coupling or loading to compensate for the 
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normal detuning effects of such changes. 

(8) Turn on any fixed-bias supplies 
for the amplifier, and make any circuit 
changes or adjustments necessary to as- 
sure that the plate, screen-grid, and sup- 
pressor-grid voltages for the amplifier 
will not be more than 50 per cent of their 
normal values when applied. Disconnect 
the external load from the amplifier 
plate-tank circuit, or, if this change is 
not practicable, reduce the coupling be- 
tween amplifier and external load to 
minimum. If the load for the amplifier 
is another tube, remove this tube from 
its socket. 

(9) Apply plate, screen-grid, and 
suppressor-grid voltages (50 per cent of 
normal valu^) to the amplifier, but not 
to any following stages, and quickly 
tune the amplifier plate circuit to reso- 
nance. When an amplifier is operated 
without a load connected to its plate 
tank, its plate current will usually dip 
at. resonance to between 10 and 20 per 
cent of the normal full-load value. The 
absolute value of the no-load plate cur- 
rent at resonance depends on the Q of 
the plate-tank circuit, the type of bias 
used, and the rf excitation voltage, and 
should not be considered an indication 
otf the amplifier efficiency. 

K the plate current of an unloaded 
triode does not dip in the normal man- 
ner, the trouble may be caused by inade- 
quate grid excitation, excessive tank- 
circuit losses, or improper neutralization. 
If the plate-tank circuit of any class C 
amplifier cannot be tuned to resonance, 
the tank-circuit inductance or capaci- 
tance, or both, may have to be increased 
or decreased in value, depending on 
whether the circuit is found to tune 
higher or lower than the desired fre- 
quency. An absorption-type wavemeter 
is useful in such adjustments. 

If flashover occurs in the plate-tank 
capacitor during timing adjustments,re- 
connect the load to the amplifier output 
circuit and/or increase the coupling be- 
tween amplifier and load until the rf 
voltage is reduced suffidently to elimi- 
nate the flashover. 

(10) Connect the external load to 
the amplifier plate tank. (If this step has 
already been taken to eliminate flash- 
over, as described above, tighten the 
load coupling.) When the load is applied 



or the load coupling increased, the plate 
current of the amplifier should rise. Re^ 

tune the ampHfier plate tank to reso- 
nance after each change in coupling.The 
amplifier plate current should still dip at 
resonance, but its minimum value should 
be considerably higher than imder nor 
load conditions, as shown by the dashed 
curve in Fig. 50. 

(11) Apply full plate, screen-gridj 
and suppressor-grid voltages to the am- 
plifier. Increase the coupling between 
amplifier and load, retuning the ampli- 
fier plate tank to resonance as often as 
necessary, until the plate current at the 
resonance dip has the desired value. In 
no case should the plate input (the prod- 
uct of the dc plate voltage and dc plate 
current) exceed the maximum value 
given in the tube ratings for the type of 
service involved. 

Because the dc grid current of an 
amplifier decreases as the load on the 
amplifier is increased, grid current shottld 
be checked after each change in load or 
load coupling to make sure it has not 
dropped appreciably below the normal 
or desired value. If it has, the cause may 
be insufficient grid excitation or exces- 
sive grid bias. 

Neutralizing Adjustments 

The procedure used in neutralizing 

rf amplifiers is substantially the same 
regardless of the neutralizing circuits or 
tube types employed.The tube operating 
conditions used are similar to those em- 
ployed for preliminary tuning of plate- 
tank circuits, except that excitation at 
the highest operating frequency is ap- 
plied to the stage being neutralized. 

(1) Make sure that all power to the 
equipment is off. 

(2) Disconnect all positive plate, 
screen-grid, and suppressor-grid supply 
leads from the amplifier and from all 
following stages. Adjust the coupling be- 
tween driver and amplifier to maximum, 
and loosely couple a fairly sensitive rf 
indicator to the amphfier plate-tank coil. 
Although a simple indicator is usually 
satisfactory, a sensitive rf meter con- 
nected to a one- or two-turn loop or a 
vacuum-tube voltmeter equipped with a 
suitable rectifier probe provides more 
exact indications, particularly for final 
adjustments. 
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(3) Apply normal filament or heater 
voltage to the amplifier, and alt normal 
operating voltages to the driver, and tune 
the driver plate circuit to resonance. 

(4) Tune the plate-tank circuit of 
the amplifier to resonance (shown by 
maximum brightness or maximum read- 
ing of the rf indicator). Adjust the neu- 
tralizing capacitor until the rf indicator 
shows minimum brightness reading. 

(5) Carefully retune the amplifier 
plate-tank circuit to resonance. The rf 
indicator should now show a new maxi- 
mum reading, but one having substan- 
tially smaller magnitude than the origi- 
nal reading. Again adjust the neutral- 
izing capacitor for a minimum reading 
on the rf indicator. The driver plate- 
tank circuit should be checked and, if 
necessary, retuned to r^onanee during 
these adjustments. 

Repeat step (5) until a setting for 
the neutralizing capacitor is found which 
produces no Indication of rf voltage in 
the- amplifier plate circuit. As this set- 
ting is approached, it will probably be 
necessary to increase the coupling be- 
tween the rf indicator and amplifier 
plate tank to obtain useful indications, 
A stage may be considered properly neu- 
tralized when the rf indicator ^Ows zero 
at maximum coupling. 

In neutralizing a push-pull ampli- 
fier, both neutralizing capacitors should 
be adjusted simultaneously. However, 
both capacitors will seldom have the 
same setting a,t the point of complete 
neutralization because of slight differ- 
ences in tube and stray circuit capaci- 
tance, and because split tank circuits are 
seldom electrically symmetrical. 



A dc milliameter connected in the 
grid-return circuit of an amplifier can 

also be used as a very sensitive indicator 
for neutralizing adjustments. The am- 
plifier is operated without plate, screen- 
grid, or suppre^or-grid voltage, and suf- 
ficient rf excitation is applied to produce 
a normal value of grid current. If the 
amplifier is not properly neutralized, its 
grid current will vary when its plate- 
tank circuit is tuned through resonance. 
The neutralizing capacitor should then 
be adjusted slowly while the amplifier 
plate-tank circuit is tuned back and 
forth through resonance. As the point of 
neutralization is approached, the varia- 
tions in grid cuurrent decrease. When the 
amplifier is perfectly neutralized, tuning 
of its plate-tank circuit through reso- 
nance does not cause even a slight 
change in the reading of the grid-current 
meter. 

In some cases, it may not be possi- 
ble to eliminate rf feedthrough entirely 
by adjustment of the neutralizing capaci- 
tor. This difficulty is usually an indica- 
tion of stray coupling between the am- 
plifier and driver plate tanks, or of stray 
capacitances in various portions of the 
amplifier which tend to unbalance the 
neutralizing circuit. Adequate shielding 
between the driver and amplifier and be- 
tween the grid and plate circuits of the 
amplifier will usually eliminate this 
difficulty. 

The difficulty may also arise in a 
stage employing a split-stator tank ca- 
pacitor if the ground lead of the capaci- 
tor is not connected by the shortest pos- 
sible path to the cathode-retiirn point 
of the stage. 
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Because power tubes usually operate 
at high voltage and temperatures, draw 
heavy currents, and are used in high- 
efficiency circuits, terminal connections 
for such tubes should have large-area, 
low-resKtance contacts capable of ac- 
commodating relatively large wire sizes 
and utilize high-quality insulation. 

Sockcls or mountings for power 
tubes having filamentary cathodes 
should be installed, as a general rule, so 
that the tubes are operated in a vertical 
position with the base or filament end 
down. Vertical operation minimizes the 
danger of internal short circuits which 
may be caused by thermal expansion or 
sagging of the filament. Certain fila- 
mentary-cathode vacuum types may be 
operated in other than vertical positions, 
provided precautions specified in the 
tube data are observed. Tubes having 
indirectly heated cathodes may gener- 
ally be operated in any position. 

If equipment is to be subjected to 
mechanical shock or vibration, the equip- 
ment housing, the tube mountings, or 
both should include some form of shock- 
absorbingsuspension,andsuitablenieans 
should be employed to lock the tubes in 
their sockets or mountings. 

Ventilation and Cooling 

All electron tubes have heat losses 
in the plate which cause the temperature 
of the tube to rise above the ambient 
temperature. As a result, the dissipation 
rating of the plate is limited by the max- 
imum allowable temperature which the 
envelope and internal elements of the 
the tube are rated to withstand. There- 
fore, all methods of cooling tubes have 
the common purpose of transferring dis- 
sipated heat from the tube to maintain 
terminal or bulb temperatures below 
their specified ratings. 

Three basic methods are used to cool 
power tubes: natural-convection, forced- 
air, and conduction cooling. Most of the 
tubes listed in this manual are designed 
for operation at maximum ratings with 
natural-convection cooling. Some types, 
such as the 6161, require forced-air cool- 
ing; other types, such as the 826, 829B, 



and 833A, can be operated with natural- 
convection cooling, but carry substan- 
tially higher ratings when forced-air cool- 
ing is employed. Recently developed 
tubes having external plates are cooled 
by forced-air cooling (type 8122) or by 
conduction cooling (type 8072). 

Regardless of the cooling method 
used, power-tube equipment design 
should always permit the unimpeded 
circulation of air around all tubes and 
include provision for adequate ventila- 
tion of tube and equipment enclosures 
so that the envelope temperatures will 
not become high enough to damage the 
tubes or their associated circuit com- 
ponents. No further precautions need 
be taken for tubes cooled by natural con- 
vection, other than ensuring that the 
maximum permissible seal or bulb tem- 
perature is not exceeded. Tubes cooled 
by natural convection are generally lim- 
ited to plate-dissipation ratings below 
1000 watts. 

Tubes designed for forced-air cool- 
ing can be made smaller and more com- 
pact; however, systems using forced-air- 
cooled tubes require duct work and ad- 
ditional power for the operation of a fan. 
Forced-air cooling for power tubes can 
rangefromastreamofairdireetedradially 
to the m aj or tube axis to a stream directed 
axially through an elaborate air-flow 
system. Forced-air-cooled types are fit- 
ted with a special radiator which in- 
creases the cooling efficiency. Various 
types of radiators are described under 
Construction and Materials. Forced-air- 
cooled tubes are generally limited to 
plate dissipation ratings below 50,000 
watts. Maximum permissible envelope 
temperatures, air flow, and pressure re- 
quirements for forced-air-cooled tubes 
are given in the Tube Types— Teehnieal 
Data section. 

To a certain extent, conduction cool- 
ing is inherent in all tubes as a result of 
the physical contact between the tube 
and its socket and mounting. However, 
tubes which are specifically designed for 
conduction cooling can be made smaller 
and more compact and do not require 
the fan and duct work necessary for 
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forced-air cooling. These tubes can be 
used in enclosed or higb-altitude sys- 
tems where forced-air cooling is pre- 
cluded. Although conduction cooling re- 
quires careful initial design of the ther- 
mal circuit, it does not require cooling- 
sjretem maintenance or operating ex- 
pense. In conduction-cooled tubes, the 
plate must be designed as an external 
electrode and its terminal must be ther- 
mally coupled to a constant-tempera^ 
ture device (solid or liquid heat sink) 
which limits the tube to the specified 
maximum temperature. The coupling 
must have low electrical conductance 
and high thermal conductivity. 

Thermal conductivity is defined as 
the rate of transfer of heat by conduction 
through unit thickness of a material, 
across a unit area for a unit difference of 
temperature. The thermal conductivity 
of the entire conduction-cooling-sys- 
tem for any given configuration is rep- 
resented by the equation: 

where Wp is the selected dissipation in 
watts, Tj is the temperature at the tube 
terminal in degrees centigrade (Ti 
should never exceed the specified maxi- 
mum rating), and Ti is the temperature 
at the heat sink in degrees centigrade. 

For very-high-power requirements, 
liquid cooling, which is capable of re- 
moving large quantities of heat, is re- 
quired. In this type of cooling, the tube 
electrodes are either immersed in a liquid 
or have built-in ducts for conveying the 
liquid through the internal areas of the 
electrodes. 

Water is the most commonly used 
coolant because it is readily available 
and inexpensive. The water must be free 
from impurities which might make it a 
conductive medium. Other coolants hav- 
ing lower freezing points are used in sys- 
tems which may be subjected to freez- 
ing temperatures when not in use. 

^ It is essential that high-quality liq- 
uid be used to fill the cooling system and 
that provision be made for continuous 
purification and elimination of sources 
of contamination. These precautions are 
necessary to prevent scale formation, 
corrosion, and excessive electrolysis, 
which can reduce tube life. 



The glass portions of a tube enve- 
lope should not be exposed to the spray 

of any liquid or be permitted to come in 
contact with metal objects such as cir- 
cuit wiring or grounded metal shields 
because excessive temperature differ- 
ences may cause envelope fractures. 
Shields should not fit so closely as to im- 
pede the free circulation of air around 
the tubes. In many cases, they may be 
designed to produce a "chimney" effect 
which will increase the draft and im- 
prove tube ventilation. 

The maximum permissible bulb 
temperature of a vacuum tube or inert- 
gas tube is determined principally by 
thesoftening point of the glass employed, 
or by the point at which gas may be 
released by the envelope. In the case of 
mercury-vapor tubes, both minimum 
and maximum bulb-temperature limits 
are specified to assure satisfactory va- 
porization of the mercury. Temperature 
considerations for mercury-vapor tubes 
are discussed in the ReeHji&r Considers- 
Hons Section. 

Wiring Considerations 

Energy losses in power-tube circuit 
wiring limit operating efficiencies and 
may produce undesirable heat. These 
loasea may be caused by conductor re- 
sistance (I2R losses), leakage (E2/R 
losses), radiation, or stray coupling. 

Excessive l-li losses in power-tube 
circuit wiring can be avoided by the use 
of conductors having adequate current- 
carrying capacity and the lowest possi- 
ble resistance, and layouts which permit 
short, direct, connecting leads. Filament- 
and heater-circuit conductors are par- 
ticularly susceptible to large I2R losses 
because they carry currents of high 
average (dc) or rms (ac) value, and be- 
cause their resistance is increased by 
heat received by direct thermal conduc- 
tion from the tube filaments or heaters. 
When an installation requires the use of 
long filament-supply leads or operation 
of several high-current tubes from a com- 
mon filament-supply line, these losses 
may cause, filament voltages to decrease 
below the minimum values specified in 
the tube data and the tubes may be dam- 
aged. In such cases, conductors of ade- 
quate size should be used to avoid exces- 
sive losses or sufficient excess voltage 
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should be provided at the supply to com- 
pensate for the resulting loss^. In the 

latter case, means of adjusting the sup- 
ply voltage and suitable metering facili- 
ties should be provided to assure that 
correct filament or heater voltage is 
received at all terminals. 

Excessive I2R losses in signal con- 
ductors may also cause improper opera- 
tion and tube damage, particularly in 
driving circuits where the signal pro- 
vides the required operating bias as well 
as protection of the tube. In the selection 
of signal conductors, consideration must 
be given to "skin effect," which causes 
current to concentrate nearer the surface 
"of a conductor as the frequency increases, 
as well as to the type of circuit and the 
waveform of the signal current. 

A signal conductor should have low 
resistance at the highest frequency in- 
volved, and be capable of carrying the 
highest peak currents flowing in the cir- 
cuit with negligible heating. Solid or 
stranded conductors are suitable for af 
applications, and a special type of mul- 
tiple-strand conductor called "Litzen- 
draht" for low- and medium-power rf 
applications at frequencies up to approxi- 
mately 3 megacycles per second. At 
higher frequencies it is advisable to use 
tubular conductors, which should be 
silver-plated, if possible, to obtain maxi- 
mum surface conductivity and to mini- 
mize the effects of oxidation. 

Leakage losses are caused 

primarily by inadequate or improper in- 
sulating materials, or by insufficient 
separation between air-insulated con- 
ductors. In the selection of insulating 
materials for power-tube installations, 
consideration should be given to the fact 
that very high peak-signal voltages may 
be developed in circuits operating at 
relatively low dc potentials. In addition, 
. the type of insulating material used at 
any point must be suitable for the tem- 
perature and frequency involved. 

As a general rule, conductors having 
enamel,, plastic, or fabric coverings 
should be used only in supply circuits 
and low-frequency signal circuits opera- 
ting at low voltages. Supply-circuit con- 
ductors should be installed in compara- 
tively cool locations as far from signal 
conductors and unshielded signal com- 
ponents as possible. Such conductors, 



when completely insulated, may usually 
be grouped or cabled together on the 

chassis or framework of the equipment. 
When high voltages or very high tem- 
peratures are involved, it is generally 
preferable to use bare conductors which 
ar'e adequately spaced and supported by 
insulators of suitable mechanical design. 

RF signal conductors, particularly 
those carrying vhf or uhf currents, should 
not be insulated, except at points where 
mechanical support is necessary, because 
practically all types of surface insulation 
absorb appreciable energy in the pres- 
ence of rf fields.These conductors should 
be isolated from each other, from circuit 
components, and from the equipment 
structure. 

Losses of signal energy by radiation 
from circuit conductors increase with 
current and with the length of the con- 
ductors, but usually do not become ap- 
preciable until conductor length ap- 
proaches a substantial fraction of a half- 
wavelength at the operating frequency. 
Lead length requires careful considera- 
tion in vhf and uhf equipment, however, 
because of the close rel ationship between 
practical conductor dimensions and sig- 
nal wavelengths. 

Slray coupling in circuit wiring may 
produce out-of-phase signal currents in 
a conductor. These currents cause de- 
generation losses. Such losses may be 
minimized by the use of short, direct, 
circuit connections. These considerations 
are discussed below under "Circuit Re- 
turns." 

Cap or wire bulb terminals such as 
those used on the 807 and 6524 should 
never be used to support coils, capaci- 
tors, or other circuit components be- 
cause the resulting mechanical stresses 
may fracture the bulb seals. Connections 
to bulb terminals should always be miide 
with soft metallic braid or ribbon, or 
with other types of conductors having 
good mechanical flexibility and low elec- 
trical resistance. Under no circumstances 
should connections be soldered to cap or 
wire bulb terminals because the high 
temperatures developed may soften or 
crack the bulb seals. The long, flexible, 
wire terminal leads used on subminia- 
ture types such as the 5718, however, 
may be soldered directly to circuit com- 
ponents, provided speed and care are 
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used to minimize the transmission of 
heat to the bulb seals. 

Circuit Returns 

All currents in a power tube (except 
heater current) originate in and return 
to the cathode, which is, therefore, : a 
common terminal of all supply and sig- 
nal circuits associated with the tube. The 
direct currents drawn by the tube elec- 
trodes return to the cathode through the 
power-supply and bias circuits. Alt hough 
these circuits also provide return paths 
to the cathode for signal currents, they 
usually contain resistive and reactive 
components which offer considerable 
impedance to ac signals and thus cause 
substantial loss of signal energy. When 
a single power supply is used for more 
than one stage, its internal impedance 
may also act as a coupling device be- 
tween stages and thus introduce unde- 
sired degeneration or regeneration. These 
effects may generally be avoided by the 
use of separate ac and dc return paths to 
cathode from each electrode or signal 
circuit of a tube. 

DC circuit retiiriis for a power 
tube employing fixed bias, grid-reastor 
bias, or a combination of the two, are 
made to the cathode terminal of the 
tube.When cathode-resistor bias is used, 
either alone or in combination with an- 
other type of bias, the dc circuit returns 
are usually connected to the more nega- 
tive terminal of the cathode resistor. If 
the dc voltage drop across the cathode 
resistor is greater than the bias required, 
however, the grid-circuit dc return for 
the tube may be connected to a tap on 
the cathode resistor which provides the 
desired bias voltage. When an rf choke 
coil or a resonant network is connected 
in series with the cathode of a power tube 
employing fixed or grid-resistor bias, dc 
circuit returns are made in the same 
manner as when cathode-resistor bias is 
used. In a filamentary-cathode power 
tube, the heating current creates a volt- 
age drop in the cathode which is equiva- 
lent to a bias voltage equal to about one- 
half the filament voltage. The polarity 
and value of this drop must be considered 
in determining the point to be used for 
dc circuit returns. 

When dc filament voltage is applied 
to a filamentary-cathode tube, all dc 



circuit returns should be connected to 
the negative filament terminal of the 
tube. The use of this point for dc returns 
provides a small amount of protective 
bias for the tube because the grid is 
maintained at a negative potential with 
respect to the cathode in the event that 
external bias fails or is accidentally 
removed. 

When ac voltage is applied to a fila- 
mentary cathode, dc circuit returns 
should be made to the mid-point of the 
filament or filament-supply circuit to 
minimize hum. A convenient point for 
these returns is a center tap on the sup- 
ply winding of the filament transformer, 
or the junction of two equal resistors 
connected in series across the filament 
circuit. 

Most heater-cathode tubes have a 
single cathode terminal which is used for 
all circuit returns or for connection of a 
cathode resistor. In some heater-cathode 
tubes, however, two or more cathode 
terminals are provided to permit the use 
of separate ac return leads from the in- 
put and output circuits of the tube and 
thus minimize cathode-lead degenera- 
tion. Because these terminals are con- 
nected in parallel internally, any one of 
them may be used as the dc return point 
of the tube or for connection of a cath- 
ode resistor. 

When a heater-cathode tube is oper- 
ated with fixed bias or grid-resistor bias, 
or with cathode-resistor bias within the 
maximum heater-cathode voltage rating 
of the tube, the heater should be con- 
nected to the dc return point of the tube. 
In other cases, the heater should be con- 
nected to the tube cathode or to a point 
having the same dc potential as the 
cathode. Although either of the heater 
terminals may generally be used for this 
connection, it may sometimes be neces- 
sary to use a center tap on the heater 
winding of the supply transformer or a 
center-tapped resistor acrWB the heater 
circuit to minimize hum. 

The use of separate ac and dc re- 
turns in power-tube installations mini- 
mizes signal-energy losses in power-sup- 
ply and bias circuits. It also minimizes 
degenerative or regenerative effects 
which may result if common signal- 
return paths are used for the input and 
output circuits of a tube or for the cir- 
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cults of more than one tube. AC returns 
are generally made through capacitors 
directly to the cathode, or to points hav- 
ing the same ac potential as the cathode, 
regardless of the location of the dc 
return point. 

In af applications, the grid, plate, 
and screen-grid circuit returns of the 
tube may be bypassed individually to 
the chassis or to a common ground bus 
(and thus to the cathode), as shown in 
Fig. 51, by capacitors which have very 
low impedance at audio frequencies. In 
this case, the' length of the portions of 
<ihassis or ground bus used as common 
ac return paths is not critical because 
the impedance of such paths at audio 
frequencies is generally negligible. 

At radio frequencies, however, a 
distance of even a fraction of an inch be- 
tween points on a chassis or ground bus 
may represent a substantial impedance 
andproduce undesirable coupling effects. 



cally designed for use at the required 
operating frequencies. 
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The ac circuit returns of an rf stage 
should, therefore, be connected directly 
to the appropriate cathode terminals of 
the tube socket or to a single point on 
the chassis which is at the same ac po- 
tential as the cathode. Fig. 52 is a semi- 
pictorial diagram showing the ac circuit 
returns required in a high-rfrequency am- 
plifier stage using a beam power tube. 
Bypass capacitors are used across each 
side of the filament center-tap resistor 
to minimize the rf impedance of the 
filament circuit. Capacitors used in rf 
bypass applications should.be specifi- 



Filament or Heater Supply 

AC voltage is generally used to heat 
the cathodes of power tubes because of 
the convenience and economy with 
which the relatively low voltages re- 
quired may be obtained from trans- 
formers. The operating voltages applied 
to thoriated-tungsten or oxide-coated 
filamentary cathodes should not be per- 
mitted to vary more than plus or minus 
five per cent from the values specified in 
the tube data. Heater voltages for uni- 
potential cathodes should be maintained 
-within plus or minus ten per cent of 
rated values unless smaller tolerances 
are specified in the data for individual 
tube typea. Voltage variations greater 
than those specified may damage the 
emitting surface of the cathode, or in 
other ways cause unsatisfactoi^ tube 
operation or short life. 

When filamentary-cathode power 
tubes are heated with direct current, 
any current- or voltage-control devices 
employed should be placed in the 
branches of the supply circuit feeding 
the individual tubes. When alternating 
current is used, such control devices 
should be placed in the primary circuits 
of the filament-supply transformers. 
When a filamentary cathode is heated 
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by low-frequency alternating current^ 
hum may be introduced into the tube 
circuit by (1) a periodic variation in the 
electron emission as the heating current 
increases and decreases in value; (2) in- 
teraction between the magnetic field of 
the space-charge and that of the filament; 
and (3) the electrostatic field of the fila- 
ment. The principal source is usually the 
electrostatic field of the filament, which 
induces hum voltages in the signal elec- 
trodes of the tube in proportion to the 
filament voltage and the capacitance be- 
tween the filament and other electrodes. 

Plate Supply 

The power-rectifier tubes included 
in this Manual normally obtain their 
plate-supply voltage from the secondary 
windings of high-voltage transformers 
connected to commercial power lines or 
to local sources of low-frequency ac volt- 
age. Power-amplifier tubes usually ob- 
tain plate voltage from rectifiers provided 
with suitable filter circuits, although 
batteries or local dc generators are some- 
times used, especially in portable, and 
mphUe equipment. 

Svppressor-Grrd Supply ; 

Voltage for the grid No. 3 or sup- 
pressor grid of a power pentode may be 
obtained from any dc source which is 
substantially free from ripple or other 
undesirable fluctuations in potential. 
When an application requires that a 
suppressor grid draw a varying current, 
the dc supply should be a battery or 
other source haying, good voltage regu- 
lation. This requirement is particularly 
important when a suppressor grid is used 
as a modulating electrode because the 
average suppressor-grid current may 
then vary with the amplitude of the 
modulating signal. 

Screen-Grid Supply 

Grid-No.2 or screen-grid voltage 
for a beam power tube> pentode^ or 
tetro.de may be obtained from a sqsarate 

-dc power supply or from the plate sup- 
ply for the tube. In the latter case, the 
required voltage may be obtained either 
from a sxiitable tap on a voltage divider 
or through a dropirfng resistor from the 
plate-voltage supply point, depending 
on the type of multigrid tube used and 



on the application. 

A multigrid tube may fail prema- 
turely if its screen-grid current, screen- 
grid voltage, or total screen-grid input 
exceeds the maximum value shown in 
the tube data. Excessive screen-grid cur- 
rent may be drawn if the tube is oper- 
ated without adequate bias or plate 
voltage. Because the latter condition is 
most likely to occur when screen-grid 
and plate voltages are obtained from 
separate supplies, such supplira should 
be designed so that plate voltage is al- 
ways applied before or simultaneously 
with screen-grid voltage and removed 
simultaneously with or after the removal 
of screen-grid voltage. In addition, any 
means employed for the reduction of 
plate voltage should automatically pro- 
duce a proportional reduction in screen- 
grid voltage. 

The danger of excessive screen-grid 
voltage is present principally when 
screen-grid voltage is obtained from the 
plate supply through a series idropping 
resistor. In this type of supply circuit, 
sufficient resistance is connected between 
the screen grid and the plate supply to 
assure that the screen-grid voltage and 
dissipation at the values of screen-grid 
current, bias, and driving voltage re- 
quired for full output are within the 
maximum ratings for the tube. Any con- 
dition which reduces the current through 
the screen-grid dropping resistor t6 a 
very low value, therefore, may cause the 
screen-grid voltage to rise to an exces- 
sive value. 

Such conditions are most likely to 
occur in telegraphy trahsmittere employ- 
ing "blocked-grid" keying or other meth- 
ods of keying which cut off or substan-; 
tially reduce plate and screen-grid cur--' 
rents of multigrid tubes when the key is 
up. Although Class C Telegraphy ratings 
for most multigrid tubes permit a rise in 
screen-grid voltage under key-up condi- 
tions, the maximum permissible screen- 
grid voltage under these conditions is 
generally substantia:lly 1^ than the 
plate-supply voltage. Screen-grid volt- 
age for a keyed multigrid amplifier 
should, therefore, be obtained from a 
separate supply or a voltage-divider ar^ 
rangementt rather than by the series-* 
resistor method. In cases where a series-- 
resistor screen-grid supply voltage is 
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used, precautions should be taken to 
keep the screen,-^d voltage within the 
maximum value-specified in the tube 
data for key-up conditions. 

Control-Grid (Bias) Supply 

Control-grid voltage or bias for a 
power tube may be obtained from a sepa- 
rate power supply or a resistor in the 
grid or cathode circuit. Fixed bias Is ob- 
tained from iin independent battery/dc 
generator, or rectifier-filter system. Grid- 
resistor bias is obtained by rectification 
of a portion of the input signal or driv- 
ing voltage applied to the tube. Although 
this type of bias is the most economical, 
and can provide relatively large bias, 
voltages or voltages which vary with the- 
input signal, it does not provide -protec- 
tion against exc^ive plate and screen- 
grid current in the event the driving 
voltage fails or is removed. Grid-resistor 
bias, therefore, is usually used in combi- 
nation with other means to protect the 
tubes against exc^ive plate and screen 
dissipation. 

Cathode-resistor bias is obtained 
from the voltage drop developed across 
a cathode resistor by the combined dc 
currents of the tube electrodes. This 
type of bias provides automatic protec- 
tion against excessive plate, screen-grid, . 
and control-grid current because any in- 
crease in total cathode current , produces 
a corresponding increase in bias voltage. 
Cathode-resistor bias cannot be used 
alone if bias voltage equal to or greater 
than the cutoff voltage is required. B'e- 
cause the effective plate and screen-grid 
voltages of the tub'e ai^e reduced.- by the 
extent of the voltage drop in the cathode 
resistor, this type of bias is used princi- 
pally when relatively small bias voltages 
are required or as a. means of providing 
a minimum protective bias when the 
principal operating bias is obtained. by 
the grid-resistor method. 

Supply-Voltage Variations 

Because a tube may be seriously 
damaged if its absolute maximum volt- 
age ratings are exceeded, consideration 
must be given to the variations in elec- 
trode voltages which result from line- 
voltagefluctuations, load variations, and 
normal manufacturing tolerances in cir- 
cmt-coroppnent values. The operating 



voltage for each tube electrode should 
be low enough sothat the absolute max- 
imum rated voltages of the tube will not 
be exceeded under any combination of 
these variations, or the voltage supplies- 
should have sufficient regulation to per- 
mit the use of maximum rated voltages 
without danger of exceeding the tube 
ratings. - 

Protective Devices 

Power-tube installations should al- 
ways be adequately equipped with pro- 
tective devices to prevent damage to the 
equipment and/or personal injury. De- 
vices which >.pi'pvide tube and circuit 
protection include: 

(1) fuses or' relays which automati- 
cally remove power from, the equipment, 
or from a particular circuit, in the event 

of improper operation; 

(2) meters, or facilities for external 
metering, to permit checking of impor- 

■T.tant circuit operating conditions. 

The most common cause of damage 
to tubes and equipment in power-tube 
installations is excessive plate or screen- 
grid current. For adequate protection, 
therefore, each stage of a power-tube in- 
stallation should be equipped with fuses 
or relays which will remove all positive 
electrode voltage if the plate or scrC«n- 
grid current reaches a value about 60 
per cent above normal. Separate protec- 
tive devices should be provided for plate 
and screen-grid circuits of -multigrid 
_ tubes. 

Facilities should be provided for the 
measurement of plate, screen-grid, and 
filament (or heater) voltages, and plate, 
screen-grid and control-grid current. 
Control-grid-Mnirrent measurements are 
particularly valuable in rf amplifier and 
frequency-multiplier stages because they 
facilitate tuning and neutralizing adjust- 
ments in addition to providing. indica- 
tions of drive conditions. Because cor- 
rect filament and heater voltages are 
essential for maximum tube life, these 
voltages should always be measured di- 
rectly at the tube sockets with meters 
having high accuracy and low power 
requirements. 

For reasons of economy, a single dc 
milliameter is sometimes placed in the 
cathode-return lead or the negative high- 
voltage supply lead of a tube for the 
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measurement of total cathode current. 
In such cases, the meter should be 

shunted with a resistor to protect the 
tube cathode and the meter from high 
dc potentials with respect to ground in 
the event of an open circuit in the meter. 
A shunting resistor having a value of 
about 100 times the resistance of the 
meter is generally satisfactory, and in- 
troduces an error in meter reading of . 
only about one per cent. 

Safety Considerations 

Because the rated plate and screen- 
grid voltages of most power tubes are high 
enough to be exireimly dangerous to the 
user, care should he taken during mainte- 
nance of power-tube equipment to insure 
that all primary power is disconnected 



and all exposed circuit parts are effectively 
grounded. When circuit adjustments are 
made on "live" equipment, very great care 
should he taken to avoid contact with any 
circuit parts which are not at ground po- 
tential. Such adjustments should never be 
made unless another person capable of ap- 
plying treatment for electric shock ifrpres- 
ent. 

In the design of equipment, personal- 
safety considerations require the ground- 
ing of all operating controls and exposed 
surfaces, enclosure of all live circuit ele- 
ments, and the incorporation of "inter- 
lock" switches at all points of access to the 
interior of the equipment. These switches 
should automatically open the primary 
circuits of all high-voltage power supjAies 
when access is required. 





Rectifier Considerations 



Rectifier-type power supplies em- 
ploying electron tubes are used as sources 
of plate, screen-grid (grid-No.2), and 
other de operating voltages in all types 
of electronic equipment. They are also 
used extensively in electroplating, in 
motor-speed control, and in many other 
applications requiring economical and 
conveniently controllable dc power. 

The glass envelopes of the rectifier 
tubes used in such supplies normally 
show some darkening after continued 
operation. In addition, mercury-vapor 
tubes exhibit a blue glow in normal op- 
eration. These symptoms are character- 
istic of such tubes, and should not be 
considered signs of tube deterior&tion 
or failure, 

Mercury-Vapor Tubes 

A mercury-vapor rectifier tube must 
be handled with special care to prevent 
dispersion of the liquid mercury from its 
normal position at the bottom of the 
bulb. Spattering of the mercury over 
other portions of the bulb or on the 
anode or filament must be avoided be- 
cause it may lead to internal shorts or 
SLTcs when the tube is placed in opera- 
tion. A mercury-vapor tube should al- 
ways be transported, stored, and oper- 
ated in a vertical position with the fila- 
ment end down, and should never be 
jarred, shaken, or allowed to rest even 
momentarily in a horizontal position. 
The tube should never be rocked or al- 
lowed to snap into place in its socket or 
mounting, and should be protected 
against excessive equipment vibration. 

If spattering occurs, the dispersed 
mercury must be completely reconcen- 
trated before the tubes are placed in 
service by means of special preheating 
and conditioning treatments. In the pre- 
heating treatment, the mercury-vapor 
tube is operated at normal filament volt- 
age, but without anode voltage, for 30 
minutes to assure complete vaporization 
of the mercury content. When filament 
voltage is removed at the end of this pre- 
heating period, most of the vaporized 
mercury recondenses in a pellet or pool 



at the bottom of the bulb. The condi-i 
tioning treatment is then applied to flash-^ 
out any mercury which may have con- 
densed on the bulb walls or in the vicinity : 
of the anode and filament seals. In this ' 
treatment, the tube is operated at nor- - 
mal filament voltage and at about one- 
sixth normal anode voltage for 5 min- • 
utes. The anode voltage is then gradu- 
ally increased over a period of about 30 
minutes to the normal operating value. ' 
If an internal flashover occurs at any 
time during the conditioning treatment, 
the anode voltage should be reduced 
until the flashover ceases. It should 
then be held at this reduced value for a. 
few minutes to a^ure complete vapori- 
zation of the mercury before the treat- . 
ment is resumed. 

Filament Heating Time 

Voltage should not be applied to 
the plates or anodes of vacuum, mercury- 
vapor, or inert-gas rectifier tubes (except 
receiving types) until the filaments or 
cathodes of the tubes have reached nor- 
mal operating temperature. For gas 
tubes, this delay is necessary to allow 
the formation of a plasma (region of 
electrons and positive ions) which pro- 
tects the emitting surface against dam- 
age from high-velocity positive-ion bom- 
bardment. In the case of a mercury- 
vapor rectifier, the application of anode 
voltage must also be delayed until the 
condensed mercury has moved to its 
normal condensing zone at the bottom 
of the tube, as discussed above. 

Minimum heating times for indi- 
vidual rectifier types are given in the 
Tube Types Section. In each ease, the' 
time specified is measured from the in- 
stant when the filament voltage reaches 
its normal operating value and, conse- 
quently, may have to be increased if the 
filament supply has poor regulation. 

It should be noted that measurement 
of the filament voltage of a power-rectifier 
tube may involve servms perBonaUsafety 
hazards because the filament is Usually a 
high-voltage terminal of the rectifier cir--' 
cuit. When continuous vieasurements are ^ 



71. 



RCA Transmitting Tubes 



required, suitable voltmeters should he 
■permanently incorporated in the equip- 
ment. These meters must he insulated to 
withstand the maximum peak inv^se volt- 
age applied to the tubes, and should he re- 
cessed in the equipment and protected by 
glass or plastic viewing panels to prevent 
any possibility of injury through a4:ev- 
denial bodilif contact. Portable instruments 
shotUd not he used for the measurement of 
reetifier-jikiment voltages unless adequate 
persondl^afety precauUbns are fe^een by 
ike user. 

Because a mercury-vapor tube may 
be severely damaged if the temperature 
of its filament varies excessively, the 
filament should be operated from a con- 
stant-voltage transformer, or its supply 
circuit should include under- and over- 
voltage relays which will open the pri- 
mary circuit of the rectifier anode sup- 
ply if the line voltage varies excessively. 
Relays having small operating delays 
(less than 10 seconds) may be used in 
this application to minimize interrup- 
tions to operation by normal surges or 
transient variations in line voltage. 

The required delay in application 
Cff anode voltage can be obtained con- 
veniently by means of a time-delay relay 
ooimected in the primary circuit of the 
high-voltage transformer, as shown in 
Fig. 53. This relay should permit adjust- 
ment of the delay time to a value suffi- 
cient to assure protection for the tubes 
under the most adverse conditiona tSat 
can be expected in service. 

Mercury Temperature 

The life and performance of a mer- 
cury-vapor rectifier are critically depend- 
ent on the temperature of the condensed 
mercury. Low ambient temperatures re- 
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tard vaporization of the mercury, thus 
limiting the degree of ionization avail- 
able at normal filament voltage and rais- 
ing the anode-cathode potential at which 
the tube starts to conduct. High ambient 
temperatures, on the other hand, are con- 
ducive to rapid vaporization, but tend 
to produce over-ionization and thus re- 
duce the peak inverse anode voltage that 
the tube can withstand without break- 
down. Rectifiers using mercury-vapor 
tubes, therefore, should be equipped 
with means for measuring condensed- 
mercury temperatures, and for main- 
taining these temperatures within limits 
specified for the tubes employed. Con- 
densed-mercury temperature may be 
measured with a thermocouple or ther- 
mometer attached to the tube by means 
of a small amount of putty in a region 
near the bottom of the bulb. The proper 
measurement zone for each of the mer- 
cury-vapor tubes included in this Man- 
ual is shown in the Outlines Section. 

The method used to control con- 
densed-mercury temperature depends 
on the ambient-temperature conditions- 
under which the tubes operate. If the 
ambient temperatures are near the mini- 
mum values specified in the tube data, 
some form of heat-conserving enclosure 
should be provided for the tubes. In ex- 
treme cases, it may also be necessary to 
employ electrical heating, together with 
suitable means for limiting the maximum 
temperatures developed. If ambient tem- 
peratures are above the maximum, val-- 
ues specified in the tube data, forced-air 
cooling should be employed. The air flow 
should start when the anode voltage is 
applied to the tube, and should be di- 
rected horizontally onto the bulb about? 
H inch above the base at the filament^ 
end of the tube. The air flow may be rer '^ 
moved simultaneously with the anode 
voltage. The rise of mercury-vapor tem- 
perature above ambient temperature is 
given as a function of heating time un- 
der no-load and/or full-load conditions 
for mercury-vapor rectifier types in the 
Tube Types— Technical Data Section. 

Shielding, 

Rectifier tubes, particularly mer- 
cury-vapor types, should be isolated 
from transformers and other components 
which produce strong external magnetic 
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ov iVL;-,-i;'()static fields. Such fields are 
generally detrimental to tube life, tend 
to produce breakdown effects in mercury 
vapor, and frequently make it difficult 
to obtain adequate filtering of rectifier 
output. When tubes cannot be com- 
pletely isolated from such fields, they 
should be enclosed in shields of the type 
described in the Power-Tube Installation 
Section. Mercury-vapor rectifier tubes 
used to supply transmitters or other 
types of rf power equipment should also 
be protected from large rfvbltaKes. Such 
voltages should be prevented from en- 
tering rectifier circuits by rf Altera such 
as that shown in Fig. 54. 

Mercury-vapor rectifier tubes occa- 
sionally produce multi-frequency oscil- 
lations or "hash" which may cause in- 
terference in the af stages of associated 
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equipment and in near-by radio receiv- 
era. These oscillations are caused by the 
development of a very steep wave front 
at the instant conduction begins in each 
rectifier unit, and may be propagated 
along internal circuit wiring and exter- 
nal power lines or radiated directly by 
the tubes. In a receiver, rectifier "tiash" 
can usually be identified as a broadly 
tunable signal modulated at the rectifier 
"ripple" frequency. (The "ripple" fre- 
quency is equal to the power-line fre- 
quency times the number of half-wave 
rectifier units conducting independ- 
ently.) 

In some cases, this type ^>( interfer- 
ence can be minimized by tbe u^e of very 
short leads to the rectifier anodes. It is 
usually necessary, however, to deter- 
mine whether the interference is trans- 
mitted by radiation or by conduction, 
and to select the most effective method 
for its elimination by experiment. Radi- 
ation of such interference can usually be 



minimized by shields of the type used to 
protect rectifier tubes against ext^al 
fields. The transfer of such interference 
to a power line can be minimized by the 
insertion of alow-pass inductance-capaci- 
tance filter in the input circuit of the 
rectifier, as shown in Fig. 55, or by the 
use of filament and high^voltage supply 
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transformera having electrostatic shields 
between primary and secondary wind- 
ings. Low-pass filters of the type shown 
in Fig. 56 are also useful. The bypass 
capacitors used in such filters must have 
a voltage rating at least equal to the 
peak voltage developed across each half 
of the transformer secondary (approxi- 
mately 1.4 times the rms voltage). 

Rectifier tubes operated in circuits 
in which peak inverse voltages are 16000 
volts or higher produce X-raya. Because 
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these rays constitute a serious he^9i 
hazard, tubes operated in such circuits 
should be equipped with shielding de- 
signed to absorb X-j!ay.;xadiaUon. 

RCA mercUry-vapor and inertias 
rectifier tubes are equipped with inter- 
nal cathode shields. These shields ftre 
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connecrted to a filament or heater termi- 
nal designated as the "cathode-shield" 

or "anode-return" terminal. "When two 
-■■ or more gas-rectifier tubes are operated 

from a common filament or heater sup- 
ply, the cathode-shield or anode-return 
terminals of the tubes must be connected 

I to the sain&side of the supply. 

i 

- i 

Tube Ratings 

■'. "j Rectifier-tube ratings usually in- 

! elude maximum permissible values for 

peak inverse anode voltage, peak anode 
current, average anode current, and 
fault anode current. Before these ratings 
are defined and their application to rec- 
J tifier circuit design is discussed, it is de- 

- ! sirable to define certain other terms fre- 

^ J quently used in connectionwith rectifiers. 

■'■ 1 Forward voltage is voltage applied 

between the anode and cathode in the 
direction in which the tube is designed 
to pass current, i.e., anode positive with 
respect to cathode. Inverse voltage is 
[ voltage applied between the anode and 

j cathode in the direction opposite to that 

! in which the tube is designed to pass cur- 

rent, i.e., anode negative with respect 
-. to cathode. 

Forward cxirrent is current flowing 
through a rectifier as a result of the ap- 
plication of a forward voltage. Reverse 
i current is current flowing through a 

' rectifier in the direction opposite to that 

I of normal conduction.^ The flow of re- 

I verse current in a rectifier is an abnombal 

: condition. 

Peak inverse anode voltage is the 
highest instantaneous voltage applied 
between the anode and cathode during 
the fraction of any input cycle when the 
tube is normally not conducting. A max- 
imum peak-inverse-voltage rating indi- 
cates the highest value this voltage may 
attain without danger of arc-back in the 
tube, electrolysis of glass, and reduced 
"j tube life. 

j Peak auode current is the highest 

j instantaneous value reached by the for- 

1 ward current during the normal conduc- 

. I tion interval. A maximum peak-anode- 

i current rating indicates the highest cur- 

rent the tube can safely conduct during 
this interval. The peak current is deter- 
: mined by the duration of the conduction 

1 interval and, therefore, depends on the 



type of rectifier circuit in which the tube 
is employed. 

Average anode cxirrcnl is the value 
obtained by integrating the instantane- 
ous anode currents of a rectifier tube 

over a specified time and averaging the 
result. A maximum average-anode-cur- 
rent rating indicates the highest average 
current that should be pejmitted to flow 
through the tube in the direction of nor- 
mal conduction. This current may be 
measured by means of a dc meter in- 
serted in the anode circuit of the tube. 
When the rectifier load is constant, the 
average anode current may be read di- 
rectly on the meter. When the rectifier 
load is varying, the meter readings 
should be averaged over the period speci- 
fied in the tube data (usually 15 to 30 
seconds). 

Fault anode current is the highest 
current flowing through a rectifier tube 
in the forward direction under abnormal 
or fault conditions, ^,g., during a load 
short circuit or an arc-back in an akso^ 
ciated tube. A maximum fault-current 
rating indicates the highest current that 
should be permitted to flow through the 
tube in the direction of normal conduc- 
tion over a period not exceeding 0.1 Sec- £ 
ond under fault conditions. Rectifier cir- :f 
cuits should be designed to limit fault ?; 
currents-to values within the maximum 
ratings because even a single fault cur- ^ 
rent of the Mtudmunr vidue-^wlU mate- 
rially shorte¥~6f ternwfiiaae' the life of 
the tube. ' 

Rectifier tubes of the same type can 
be connected in parallel to provide in- 
creased output current. When mercury- 
vapor or inert-gas types are operated in _ 
parallel, it is necessary to employ a resis- 
tor or a small inductioice in the anode 
circuit of each tube i» assure equal divi- * 
sionofthe-tbtal load current. Stabilizing 
resistors for high-voltage circuits should 
produce an average voltage drop of not 
less than 50 volts. Stabilizing inductors 
should have a value of approximately 
oncHEiixth henry each for a supply fre- 
quency of 50 to 60 cycles per second. 
Stabilizing inductors are generally pref- 
erable to resistors because they mini- 
mize power losses and help to limit the 
peak anode currents in the tubes! Cen- 
ter-tapped inductors (interphase reac- ' 
tors) can be used as stabilizing elements 
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for pairs of parallel tubes. These induc- 
tors assure simultaneous starting as well 
as equal division of current. Vacuum 

rectifier tubes do not generally require 
the use of stabilizing devices when 
operated in parallel. 

Corresponding filament terminals 
of mftrcury-vapor or inert-gas rectifiers 
operated in parallel must be connected 
together. Failure to observe this precau- 
tion will seriously unbalance the voltage 
drops in the paralleled tubes and may 
make it ^necessary to use undesirably 
high stal>iIi2iEng impedances. 

Circuits 

The most suitable type of rectifier 
circuit for a particular application de- 
pends on the do voltage and current re- 
quirements, the amount of rectifier "rij)- 
ple" that can be tolerated iff the output, 
and the type of ac power available. 

The half-wave single-phase circuit 
shown in Fig. 57 drivers only on? pulse 
of current for each cycle of the ac input 




fig. 57 

voltage. Because its output contaira a 
very high percentage of ripple, this.type 
of circuit is used principally in low-volt- 
age, high-current applications (e.jp., in 
power supplies for ac/dc receivers) and 
in low-current, highrvoltage applications 
(e.ff., in ultor-voltage supplies for kine- 
scopes and other types of cathode-ray 
tubes). 

A full-wave . single-phase circuit 
using two half-wave rectifier tubes is 
shown in Fig. 58, and a series single- 
phase circuit in Fig. 59. Although the 
bridge circuit requires four half-wave 
rectifier tu^ and three filament trans- 
formers (or three independent filament 
winding^),. it can deliver twice as much 
output voltage as the two-tube circuit 
for the same anode-transformer voltage, 
and does not require a center-tapped 
high- voltage win^g. 




Fig. 58 

Fig. 60 shows a half-wave three- 
phase circuit using three rectifier tubes. 
This circuit delivers three current pulses 
per cyde and its output, therefore, 
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contains a smaller percentage of ripple 
than that of a full-wave single-phase cir- 
cuit.The parallel three-phase circuit em- 
ploying six half-wave rectifier tubes 
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shown in Fig. 61 delivers six current 
pulses per cycle. This circuit delivers 
twice as much output current as the cir- 
cuit shown in Fig. 60 for the same aver- 
age anode current per tube. The balance 
coil used in this circuit assures equal di- 
vision of the load current and proper 
pht^ing in (or simultaneous starting of) 
the; parallel bruiches. 



In the series three-phase circuit 
shown in Fig. 62, two half-wave rectifier 
tubes are connected in series acrbss each 
leg of the high-voltage transformer. This 
circuit delivers twice as much output 
voltage as the half-wave three-phase cir- 
cuit shown in Fig. 60 for the same trans- 
former voltage and peak inverse anode 
voltage per tube. Figs. 63 and 64 show 
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liaU-wave four-phase and six-phase cir- 
cuits, respectively. 

Quadrature Operation 

The filament current of a rectifier 
tube is composed of two components: 
the normal heating current supplied by 
the filament transformer, and the anode 
current, the greater part of which flows 
tlirough the most negative portion of the 
filament. When the filament^upply volt- 
age and anode voltage of a rectifier are 
in phase (the normal relationship when 
both voltages are obtained from the 
same ac supply line), the two compo- 
nents of the filainent current reach peak 
value simultaneously during each con- 
duction interval, and cause a localized 
increase in filament temperature which 
may seriously shorten the life of the tube. 

In single-pTia&e rectifier circuits, 
which have a conduction interval per 
tube of 180 degrees, the ratio of peak 
anode current to peak filament-supply 
current is relatively small and the effects 
of "in-phase". operation are usually 
negligible. In polyphase rectifier circuits 
having conduction intervals per tube of 
120 degrees or less, however, the ratio of 
peak anode current to peak filament- 
supply current is relatively large, and 




OA CO OB OO 

Fis. 63 



the use of in-phase filament and anode 
voltages may result in extremely short 
tube life. 

This difficulty can be minimized by 
the use of "Quadrature Operation." In 
this method of operation, the peak value 
of the total filament current is minimized 
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by supplying the filament of each recti- 
fier tube with voltage out of phase with 
its anode voltage. Although the ideal 
phase relationship between filament- 
supply voltage and anode voltage is 90 
degrees (true "Quadrature"), substan- 
tial benefits are also realized at phase 
angles of 60 or 120 degrees, which are 
readily obtainable in three-phase and 
six-phase rectifier circuits. 

Table IV gives the voltage, fre- 
quency, current, and power ratios for 
the basic rectifier circuits shown in Figs. 
57 through 64. These ratios apply for 
sinusoidal ac input voltages. Current 
and power ratios given for inductive 
loads apply only when a filter choke is 



used between the output of the rectifier 
and any capacitor in the filter circuit. 
This table does not take into consider- 
ation voltage drops which occur in the 
power transformer, the rectifier tubes, 
or the filter components under load con- 
ditions. When a particular tube type has 
been selected for use in a specific recti- 
fier circuit, the ratios given in Table IV 
can be used in conjuncti^^ with the tube 
data to determine the parameters and 
characteristics of the circuit. 

Example of the Use of Table IV 

Problem. Select the most suitable 

type of rectifiertube foruse in a full-wave 
single-phase circuit which must de- 
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Fig 


57 


Fig. 58 


Fig. 59 


Fig. 60 


Fig. 61* 


Fig.. 62 


Fig. 63 


Fig. 64 




Voltag* Rafios 
























2 


22 


1.11 


1.11 


0.864 


0.854 


0.427 


0.786 


0.74 




Ebml/E 


1 


41 


2.83 


1.41 


2.45 


2.45 


2.45 


2.83 


2.88 




Ebml/Eav 


3 


14 


3.14 


1.57 


2.09 


2.09 


1.05 


2,22 


2.09 




Em/Eav 


3 


14 


1.57 


1.57 


1.21 


1.05 


1,05 


1.11 


1.05 




Er/Eav 


1 


11 


0.472 


0.472 


o.m 


0.04 


0.04 


0.094 


0.04 




Frequency Ratio 






















fr/f 




1 


2 


2 


8 


6 


6 


4 


6 




Current Ratios 






















Ib/Iav 




1 


0.5 


0.5 


0.38 


0.167 


0.88 


0.26 


0.167 




Resistive Load 






















Ip/Iav 


1 


57 


0.785 


0.785 


0.587 


0.294 


0.587 


0,503 


0.408 




Ipm/Iav 


3 


14 


1.57 


1.57 


1.21 


0,52 


1.0,5 


1.11 


1.05 




Ipm/Ib 


3 


14 


3.14 


3.14 


3.63 


3.' 14 


3.U 


4.5 


6.3 




Inductive Load 


■ 




















Ip/I«v 






0.707 


0.707 


0.W7 


^.?89 


0.577 


0.500 


0.40S 




Ipra/Iav 






1 


1 


1 




1 


1 


I 





Power Ratios 

Resistive Load 

Pas/Pdc 
Pap/Pdc 
Pal/Pdc 

Inductive Load' 

Pas/Pdo 
Pftp/Pdc 
Pal/Pde 



3.49 
2.69 
2.69 



1.74 
1.23 
1.28 



1.57 
1.11 
1. 11 



1.24 
1.24 
1.24 



l.ll 
1.11 
t.11 



l.Tl 
1.21 
1.21 



1.4» 



;.06 
1.0ft 
1.0& 



1.67 
t.lt 
l.U 



1.81 
1.29 
1.05 



* Bleeder current oT 2-per'cent !ull-l<md curreat will pro:ridfr ovdtins cunrent forbatanoe coil and thiu 

avoid poor rc«ula1ion at light loading. 

a The use of a larse fllter4nput choke U aasumed. 



E = transformer secondary voltage (mu)' 
Eav=average dc output voltage . 
Ebml=peak inverse anode voltage 
Em^ipeak dc output voltage 
£r>inajor ripi^e voltage (mu) 
lav—average de output current 
lb— average anode current 
Ip— anode current (rma) 



Ipm—pMk anode current 
fwiupply frequency 
fr— major ripple frequency 
Pat— line volt-amperes 
Pap— transformer primary vcdt-amperes 
Pas** transformer secondary volt- 
amperes 
Pd«-dc power (Eav X lav) 



Note: Conditions assumed include sine-wave supjply, zero voltage drop in tubes, no losses 
in traniformer and dreuU, no back emf in Uie load circuUf and no phase-hack, ^ 
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Uver a dc voltage (Eav) of 2500 volts at 
an average dc current (lay) of 500 milU- 
amperes to the input of a filter. Also de- 
termine the rms voltage (E) that must 
be delivered by each half of the high- 
voltage transf onner secondary winding. 

Procedure. (1) Determine the max- 
imum peak inverse anode voltage which 
each rectifier tube must withstand.From 
Table IV, the ratio of peak inverse volt- 
age (Ebmt) to dc output voltage in sin- 
gle-phase full-wave circmts is 3.14. 

Ebcu=3.14 X 2500 = 7850 volts. 

(2) Determine the average anode 
current (lb) in each tube. From Table 

IV, lb in a full-wave single-phase circuit 
is one-half the total dc output current. 

lb = 0.5 X 500 « 250 milliamperes. 

(3) Select a tube having suitable 
voltage and current ratings from the 
Application Tables Section. The 866A, 
which has a maximum peak-inverse 
anode-voltage rating of 10000 volts and 
a maximum average-anode-current rat- 
ing of 250 milliamperes, meets the re- 
quirements. (Although the 872A, which 
has a maximum peak-inverse anode- 
voltage rating of 10000 volts and a max- 
imum average-anode-current rating of 
1.26 ampereSfWouldalsobemore satisfac- 
tory, the 866A is the more economical 
type for this application.) 

(4) Determine the rms voltage (E) 
which must be developed by each half of 
the high-voltage transformer secondary 
for the rectifier to deliver 2500 volts dc 
to the filter at the specified load current 
of 500 milliamperes under full-load con- 
ditions. 

E « 1.11 X (2500+16) = 2790 volts (1) 

The second term within the parentheses 
represents the voltage drop in the 866A.- 
For exact calculation of E, the full-load 
voltage drop in one half of the high- 
voltage secondary winding must also be 
added to the values within the paren- 
theses. 

Regulation 

The voltage drops in filter-choke 
windings or current-limiting resistors 
which follow the rectifier, as well as those 
in the rectifier tubes and transformer 
windings, become a very important eon^ 



sideration when a rectifier filter is re- 
quired to supply a varying load. Except 
for the drop in a gas-tube rectifier, which 
is substantially constant at all anode- 
current values up to the maximum rating 
for the tube, these drops vary with load 
current and cause a corresponding varia- 
tion in output voltage. This variation is 
known as the voltage regulation of the 
supply, and is usually expressed as the 
per-cent change in output voltage for 
load-current variations between zero and 
the maximum value. For example, a 
power supply which has a no-load output 
of 1000 volts and a full-load output of 
900 volts has a voltage regulation of 10 
per cent. The regulation of well-designed 
rectifier-type power supplies is usually 
10 per cent or less. 

For good voltage regulation, the 
voltage drops in all sections of the supply 

should be held to a minimum. Voltage 
drops can be minimized by the use of 
transformers and chokes having gener- 
ous overload ratings and low-resistance 
windings,mercury-vapororinert-ga8 rec- 
tifier tubes or vacuum types having close 
anode-cathode spacing, and choke-input 
filters employing "swinging" chokes of 
the proper value. In addition, a "bl«eder" 
resistor drawing about 10 per cent of the 
total output current should be perma- 
nently connected across the output of the 
supply .Although this resistor reduces the 
maximum useful output current slightly^ 
it prevents the output voltage from ris- 
ing excessively when the external load 
is reduced, and thus improves regula- 
tion and provides a substantial measure 
of protection for the filter capacitors. It 
also discharges the filter capacitors when 
the equpment is switched off and.thua 
minimizes shock hazards. 

Good regulation is desirable even 

when substantially constant output volt^ 
age under varying load conditions is not 
a primary requirement. Because good 
regulation minimizes variations in the 
voltage across the output terminals of a 
power supply, its effect is similar to that 
obtainedwhenayerylarge bypass capaci- 
tance is connected across the output of 
the supply, i.e., the amount of ac ripple 
in the output is substantially reduced. 
The internal impedance of the supply is 
also reduced, so that there is less danger 
of undesirable coupling and feedback in 
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associated equipment when the supply 
is used for two or more stages. 

Fitters 

The filter employed to minimize rip- 
ple in the output of a rectifier may be 
either a choke-input or a capacitor-input 
type. Careful consideration must be given 
to the selection and design of the filter 
if the maximum ratings of the tubes are 
not to be exceeded. 

One of the most important considera- 
tions in the choice and design of a filter 
is its effect on the peak current in the 
rectifier circuit, and particularly on the 
current surge which occurs when the 
rectifier circuit is turned on. The sudden 
application of anode voltage to a recti- 
fier causes a sudden flow or surge of cur- 
rent. The maximum value of this current 
is determined by the instantaneous am- 
plitude of the ac input voltage and the 
surge impedance of the rectifier circuit. 
If the rectifier output is shunted by a 
large capacitor, the surge impedance is 
low and, therefore, the surge current 
may reach dangerously high values. On 
the other hand, if arelatively large choke 
is connected between the rectifier and 
the first filter capacitor, the surge im- 
pedance is high, and the surge current 
usually does not exceed the normal peak 
crarent through the tubes. 

Choke-input filters limit surge and 
normal peak currents and, therefore, 
makeit possible to obtain maximum con- 
tinuous dc output current from rectifier 
tubes under the operating conditions 
most favorable for long tube life. They 
also provide the best regulation and are 
especially recommended for use with 
rectifiers employing mercury-vapor and 
inert-gas tubes or vacuum tubes having 
closely spaced electrodes. An additional 
advantage of choke-input filters is that 
their performance can be predicted ae-; 
curately by calculation. 

Capacitor-input filters provide the 
highest dc output voltages obtainable 
from given transformers and rectifier- 
tube combinations. They cause high cur- 
rent surges when the circuit is turned 
on, however, and have poor voltage 
regulation- In addition, the dc load cur- 
rent obtainable from a given rectifier- 
tube-and-transf ormer combination is less 
when a capacitor-input filter is used 



than when a choke-input filter is used. 

When a capacitor-input filter is used, 
a current-limiting resistor should be con- 
nected between the rectifier tubes and 
the filter to limit current surg«(. The 
total resistance, Rt, required to limit the 
surge current to a safe value, including 
the effective resistance of the power- 
transformer secondary (or one half of 
the secondary of af ull-wave transformer) 
is a function of the dc output voltage 
(Eav) and the rated peak anode current 
(Ipm) of the tube. 



The factor K is equal to 8.14 for the cir- 
cuit shown in Fig. 57, 1.57 for the circuits 
shown in Figs. 58 and 59, 1.21 for the cir-' 

cuit of Fig. 60, 1.11 for Fig. 63, and 1.05 
for Figs. 62 and 64. The balance coil used 
in the circuit shown in Fig. 61 limits the 
peak anode current so that a hmiting 
resistor is not needed. The current-lim- 
iting resistor may be short-circuited after 
the rectifier-filter system has been 
switched on to avoid a reduction in use- 
ful dc output voltage. The resistor must 
be employed, however, each time 
circuit is switched on. Capacitor-input 
filters may be used in rectifier circuits 
employing mercury-vapor or inert-gas 
rectifier tubes only when a current-limit- 
ing resistor is used ^ described above.' 

Design of Choke-Input Filters - 

The filter-design charts shown in 
Figs. 65 and 66 permit quick determi- 
nation of inductance and capacitance 
values for choke-input filters for use with 
full-wave single-phase rectifier circuits 
operating from 60-cycle supplies. For 
other supply frequencies, the inductance 
andcapacitance values indicated by these 
charts should be multipHed by the ratio 
60/f , where f is thesupply frequency used. 

The chart shown in Fig. 65 is used 
to determinecomponentvaluesf or single- 
section choke-input filters or for the first 
section of a multisection choke-input fil- 
ter. Single-section and double-section 
choke input filters are shown in Fig. 67. 
The Kl curves in Fig. 66 are used to de- 
termine the minimum value of choke in- 
ductance required. The equivalent load 
resistance (Rji,) in ohms is equal to the 
dc output voltage (Eav) of the rectifier 
in volts divided by the load current (lb) 
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in amperes. A dc output voltage equal 
to 90 per cent of the rms voitage (E) per 
rectifier-tube anode is used in this calcu- 
lation (from Table IV, E/Eav = 1-11). 
This value does not include the voltage 
drops in the power transformer, filter 
choke, or rectifier tubes. The load cur- 
rent used must assure operation of each 
rectifier tube within its maximum aver- 
age-anode-current rating. Inductance 
and capacitance values must always lie 
in the region of the chart above the 
applicable Rl curve. 

The K curves in Fig. 65 indicate 
combinations of minimum filter induc- 
tance (Li) and maximum filter capaci- 
tance (Ci) which will keep the peak an- 
ode currents (Ipm) of the rectifier tubes 
within their maximum ratings at a given 
rms anode voltage. The factor K is equal 
to the dc voltage from the rectifier tubes 
at the input to the filter (in volts) divided 
by the maximxmi peak-anode-current 
rating of the rectifier tubes (per anode, 
in amperes) . The K curves shown in Fig. 
65 represent the following relation: 

Li = Ci X (KAOOO) 

Filter component values must al- 
ways lie in the region of the chart to the 
left of the proper K line. 

When a parUcular rectifier tube is 



used at its maximum peak-inverse-an- 
ode-voltage rating and maximum peak- 
anode-current ratingsimultaneously, the 
applicable K line may be determined di- 
rectly by placing a ruler across the ap- 
propriate pair of dashed lines shown in 
Fig. 65. When a tube is used at voltages 
below its maximum peak-inverse anode- 
voltage rating, a lower vidue of K de- 
termined from the above equadou must 
be used. 

The Rl and K curves, therefore, in- 
dicate limiting values of inductance and 
capacitance which will assure that aver- 
age and peak anode-current ratings of 
the rectifier tubes will not be exceeded. 
Filter-component v^ues can now be 
chosen within the wedge^haped portion 
of the chart outlined by the appropriate 
Rl and K curves on or above the Eri 
line for the maximum p«>centa|^ of rip- 
ple which can be tolerated in the output 
of the filter section. 

In power supplies for cw transmit- 
ters, a ripple of not more than 5 per cent 
is usually satisfactory. Power supplies 
for variable-frequency oscillators and 
phonetransmittersgenerallyshouldhave 
ripple of 0.25 per cent or less. Power- 
supply ripple in high-gain speech ara- 
pUfters 9mi receivers should not exceed 
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0.1 per cent to prevent hum modulation , sho^dd always be greater than 



of output signals. 

The most economical method of ob- 
taining ripple voltages bMow 1 per cent 




to t 3 4 • IQp 

U2C2 (HeNRieSxMICROFAT^ADS) 

Fig. 66 

is by the use of double-section filters of 
the type shown in Fig, 67(b). Values of 
La and C2 for the second section of such 
filters are determined from the chart 
shown in Fig. 66. After the value of Eri 
for the first section is determined, the 
values of La and C2 (as a product) for 
any desired ripple percentage Er^ at the 
output of the second filter section may 
be determined from the appropriate Erj 
curve in Fig. 66. Although any values of 
inductance and capacitance having the 
indicated product Ls X C3 will provide 
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the desired filtering, serious instability 
may result if the combination selected 
is resonant at or near the ripple fre- 
quency. The inductance of Li, tiierefore. 



3 X (Ci + C,) 
2 X (Ci X C2) 

For applications in which the load 

resistance (Rl) varies over a wide range, 
some means should be used to limit the 
resulting variation in output voltage. A 
bleeder resistor may be inserted across 
the filter output to restrict the range 
over which the effective load varies or 
an input choke having an inductance de- 
termined by the maximum load resist- 
ance attained may be used. The most 
economical method for minimizing out- 
put-voltage variations, however, is by 
the use of a "swinging" input choke. 

The inductance of a well-designed 
swinging choke varies inversely with 
load current. The required minimum 
and maximum inductance for the choke 
can be determined from Fig. 65 at the 
intersections of the appropriate K curve 
with the curves for maximum and mini- 
mum Rl- It is generally most econom- 
ical to select low values of swinging- 
choke inductance and obtain the re- 
quired smoothing by the use of additional 
filter sections employing non-rswinging 
("smoothing") chokes. 

Examples of Filter Design 

Single-Section Filter 

Problem: A fuU-wavfe rectifier op- 
erating from a 60-cycle source and em- 
ploying two 872-A mercury-vapor tubes 
has a dc output voltage of 3200 volts. - 
Design a single-section choke-input filter 
which will (a) limit output ripple to 5 
per cent at a load current equal to the 
combined maximum dc load-current 
ratings of the tubes (2 X 1.25 = 2.5 am- -^^ 
peres); (fa) keep the peak anode current # 
of each tube within its maximum peak- 1 
anode-current rating (5 amperes). 

Procedure: Rl = 3200/2.5 = 1280 
ohms.The value K = 3200/5 = 640. The 
curve for K = 640 in Fig. 62 would lie 
between the curves for K = 600 and K 
= 800 and, consequently, would be 
above the position where the curve for 
Rt = 1270 would be shown. Therefore, 
any combination of inductance and 
capacitance along the curve Eri = 5 per 
cent to the left of K = 640 will satisfy r 
the requirements. A 5-henry choke and ' 
a 5-microfarad capaator would be a :i. 
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suitable combination. 

Two-Section Filter 

Problem: A 60-cycle full-wave rec- 
tifier employing two 866-A mercury- 
vapor tubes delivers 2500 volts clc at 
full load to the input terminals of the 
filter. Design a two-section filter which 
will (a) limit the output ripple to 0.5 
per cent at a load current equal to the 
combined maximum dc load-current 
ratings of the tubes (2 X 0.25 = 0.5 am- 
pere); (6) keep the peak anode current 
of each tube within its maximum peak- 
anode-current rating (1.0 ampere). Be- 
cause the voltage regulation must be 
good from no load to full load, the input 
choke shall be of the "swinging" type. 

Procedure: At maximum load, Kl 
= 2500/0.5 = 5000 ohms. K = (2500 X 
1.11)/1.0 = 2775. Because the curve in 
Fig. 62 for - 5000 ohms would be 
completely below the curve for K = 
2775, the maximum-load value of Rl 
(minimum Rl) need not be considered in 
the selection of constants for the first 
filter section. If an Eri of 10 per cent at 
the output of the first filter section is as- 
sumed to be satisfactory, the iftinimum 
swinging-choke inductance and the cor- 
responding value for the first-section 
filter capacitor are selected along the 
curve Eri = 10 per cent to the left of 
the curve for K = 2775. Suitable values 
would be Li = 13.5 henries and Ci = 1 
microfarad. The maximum inductance of 
the swinging choke should be as high as 
practical. If a maximum value of 25 hen- 



ries is chosen, the minimum-load value 
of Ki, (maximum Rl) at which the regu- 
lating action of the choke will be effec- 
tive is indicated by the point at which 
the 1-microfarad line intersects the line 
for 25 henries. This point corresponds to 
an Rl of 26000 ohms. Therefore, a 
bleeder having a resistance of not more 
than 26000 ohms should be used to pre- 
vent the dc output voltage from rising 
excessively when the load is removed. 
The bleeder draws a current of 2500/ 
26000, or 0.096 ampere, and is required 
to dissipate 2500 X 0.096, or 240 watts; 
Because the maximum average current 
which can be supplied by two 866-A's in 
a full-wave circuit is 0.5 ampere, the 
useful load current available from the 
rectifier filter combination is 0.500 - 
0.096 = 0.404 ampere, or 404 milli- 
amperes. 

The second filter section (L2C2) 
must reduce the ripple from the value of 
10 per cent at the output of the first fil- 
ter section to a value of 0.5 per cent. 
From Fig. 66, the value of the product 
LjCe at the intersection of the curve for 
Eri = 10 per cent with the line for Erj 
= 0.5 per cent is 37. If C2 is chosen to be 
2 microfarads, then L; should have an 
inductance of 18.5 henries. The value 
chosen for L2 should be checked to de- 
termine whether resonance effects will 
be present, i.e., ht should be equal to, or 
greaterthan,3X(H-2)/[2X(lX2)]s.9/4 
= 2.25. Because the value of 18.5 henries 
selected for L2 is considerably greater 
than2.2o, the filter design is satisfactory. 



83 



Interpretation 

The tube data given in the Tube 
Types Section include maximum ratings, 
typical operation values, characteris-^ 

tic3, and characteristics curves. 

A maximum rating, as applied to a 
tube, is a limit on a particular operating 

parameter (such as voltage, current, 
temperature, or frequency) or on a com- 
bination of parameters. Operation above 
these maximum ratings may not only 
impair the performance of a tube, but 
also shorten its life considerably. 

RCA power tubes may carry as 
many as three different kinds of ratings, 
based on operating conditions encoun- 
tered in different types of service. The 
three general types of service may be 
defined as follows: 

Conlinaous Commercial Service 
<CCS) covers applications involving con- 
tinuous tube operation in which maxi- 
mum dependability and long tube life 
are the primary considerations. 

Intermittent Commercial and Ama- 
teur Service (ICAS) covers applications 
in which high tube output is a more im- 
portant consideration than long tube 
.life. The term "Intermittent Commer- 
cial" in this title applies to types of serv- 
ice in which the operating or "on" peri- 
ods do not exceed 5 minutes each, and 
are followed by "off" or stand-by periods 
of the same or greater duration. The 
term "Amateur Service" covers other 
applications, where operation is of an in- 
frequent or highly intermittent nature, 
as well as the use of tubes in "amateur" 
transmitters. ICAS ratings generally are 
considerably higher than CCS ratings. 
Although the ability of a tube to produce 
igreatef output power is usually accom- 
panied by a reduction in tube life, the 
equipment designer may decide that a 
small tube operated at its ICAS ratings 
meets his requirements better than a 
larger tube operated within CCS ratings. 

Intermittent Mobile Service (IMS) 
covers applications in which very high 
power output for short periods is re- 
quired from equipment of the smallest 
practical size and weight. Tube ratings 
for IMS service are based on the prem- 
ise that transmitter "on" periods do 
not exceed 15 seconds each, and are fol- 
lowed by "off" periods 6i iatrleafit 60 
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seconds duration. In equipment tests, 
however, maximum "on" periods of not 
more than 5 minutes each followed by 
"off" periods of at least 5 minutes are 
permissible, provided the total "on" 
time of such t^ periods does not ex- 
ceed 10 hours during the life of the tube. 
Although tubes operated under IMS rat- 
ings may have a life of only about 100 
hours, the use of these ratings is eco- 
nomically justified where high power 
must be obtained intermittently from 
very small tubes. 

"Each, maximum rating of a tube 
must be considered with respect to all 
other ratings given for that tube, so that 
the use of any one maximum rating will 
not cause any other maximum rating to 
be exceeded. For example, if the product 
of the maximum plate-voltage and max- 
imum plate-current ratings exceeds the 
.maximum permissible dc plate input, 
then either the plate voltage or the plate 
current, or both, must be reduced. As an 
illustration, the maximum CCS rating 
for Class 0 Tel^aphy operation <it 
type 812-A are: plate volts, 1250 max; 
plate milliamperes, 175 max; plate in- 
put, 175 watts max. It is apparent that 
when the maximum plate voltage of 
1250 volts is used, the dc plate current 
must be reduced to 140 milliamperes or 
less if operation is to be within the 175- 
watt maximum plate-input rating. On 
the other hand, if the maximum plate 
current of 175 milliamperes is to be used, 
it will be necessary to reduce the plate 
voltage to 1000 volts or less to avoid 
exceeding the 176-watt maximum input 
rating. 

The tube ratings given in this Man- 
ual are "AbsoUite Maximum" ratings, 
unless otherwise indicated. The equip- 
ment designer must select operating val- 
ues which are sufficiently below th^e 
absolute-maximum ratings so that no 
rating will ever be exceeded under any 
usual condition of supply-voltage varia- 
tion, load variation, or manufacturing 
variation in the equipment itself. 

A few of the low-power tubes listed 
in this Manual are rated under the 
^'Design-Center'* sjrstem. This system, 
which is used principally for: tubes m- 
tended for home-i&strument applica- 
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tions, is designed to provide satisfactory 
average performance in the greatest num- 
ber of equipments on the premise that 
they will not be adjusted to local power- 
- supply conditions at time of installation. 
Equipment for use on ac or dc power 
lines should be designed so that the de- 
sign-center maximum values are not ex- 
ceeded at a line-voltage-center value of 
117 volts. In equipment designed for use 
with storage-battery-with-charger sup- 
ply or similar supplies, plate voltages, 
screen-grid supply voltages, dissipations, 
and rectifier output currents should never 
exceed 90 per cent of the design-center 
maximum ratings for a terminal poten- 
tial at the battery source of 2.2 volts per 
cell. Equipment for use with "B" bat- 
teries should be designed so that imder 
no condition of battery voltage will the 
plate voltages, screen-grid supply volt- 
ages, or dissipations ever exceed the maxi- 
mum rated values by more than 10 per 
cent. 

In general, tubes are rated at the 
most severe conditions in a given serv- 
ice. For example, class C telegraphy rat- 
ings assume key-down conditions (per 
tube) without amplitude modulation; 
class C telephony ratings are established 
with fully modvUat^d carrier conditions 
(per tube). 

Values shown in tube data under 
"Typical Operation" should not be in- 
terpreted as ratings. These values repre- 
sent operating conditions within the 
maximum ratings of a tube that are suit- 
able for a particular application, and 
do not imply that the tube cannot be 
operated satisfactorily under other con- 
ditions in the same application. The 
choice of the most suitable tube oper- 
ating conditions for any particular ap- 
plication should be based on a careful 
consideration of all pertinent factors. 

The values for grid-bias voltages, 
other-electrode voltages, and electrode 
supply voltages are given with reference 
to a'specified datum point as follows: 
For tube types having filaments heated 
^with dc, the negative filament terminal 
is taken as the datum point to which 
other electrode voltages are referred. For 
types having filaments heated with ac, 
the filament mid-point (i.e., the center 
tap on the filament-lransformer secon- 
dahr, or the mid-point on a redator shunts 



ing the filament) is taken as the datum 
point. For types having indirectly heated 
unipotential cathodes, the cathode is 

taken as the datum point. 

Electrode voltage and current rat- 
ings are in general self-explanatory, but 
a brief explanation of other ratings will 
aid in the understanding and inter- 
pretation of tube data. 

Plate Input is the total power sup- 
plied to the plate. It is the product of 
the dc plate voltage (Eb) and the direct 
current flowing in the plate circuit (lb). 

Plate Dissipatiou is the power lost 
in the form of heat as a result of electron 
bombardment of the plate. It is the dif- 
ference between the power supplied to 
the plate of the tube (plate input) and 
the power delivered by the tube to the 
load circuit. 

TubePowerOutpul is the output ob- 
tainable from the tube itself and is equal 
to plate input minus plate dissipation. 
(The term power output is used in some 
publications.) 

Useful Power Output is the out- 
put measured at the load of the output 
circuit. Values given in the data are for 
the stated conditions; actual values de- 
pend on the circuit efficiency, operating 
frequency, and other variable factors. 

Grid-No. 2 (Screen-Grid) Input 
is the dc power supplied to the 
screen grid of a multigrid tube, and is 
the product of the screen-grid voltage 
and screen-grid current. This power is 
dissipated in the form of heat by the 
screen grid as a result of electron bom- 
bardment. 

Grid (or Grid-No.l) Driving Power 
is the actual signal-power input to the 
control grid plus the powerlost in the bias. 
supply.Itis given by the formulaW,i= 0.9 
Eglo, where Wd is the grid driving power 
in watts. Eg is the peak signal voltage 
applied to the grid in volts, and Ic is the 
-average grid current in amperes. This 
value does not includesignal-power losses 
that occur in the tube, grid-tank circuit, 
socket, or wiring, or tube losses caused 
by electron transit-time ^ects (except 
where the value given in the tube data 
is for a specific operating frequency). 

Driver Power Output is the useful 
power output of the driver stage or the 
power measured at the input to the grid^ 
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circuit of an amplifier. This value in- 
cludes circuit losses and. varies accord- 
ing to the frequency of operation and 
the circuit used. 

Peak Heater-Cathode Voltage rat- 
ings are given only for tubes that have 



separate cathode and heater terminals. 
These ratings indicate the highest in- 
stantaneous voltage that may be applied 
between a heater and cathode without 
breakdown of the insidation between 
these ^ectrodes. 



POWER TUBE COOLING DESIGNS 



EFFICIENT COOLING is the key to the development of reliable 
power tubes. Several cooling designs are shown above: (top) RCA- 
8072, conduction cooled; (center) RCA-8121. and (bottom) RCA- 
8122, both forced-air cooled. In the background is fin-type, high- 
efficiency integral radiator used in the 8122. 
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The tables in this section are in- 
traded to aid in the selection of trans- 
mitting tubes for specific applications. 
Tube types have been classified accord- 
ing to the principal services for which 
they are rated, but are not necessarily 
limited to the applications listed. The 
tube types, together with their ratings 
and characteristics of primary interest, 
are listed in each category in order of 
incre^ing power output (except Tables 



6 and 7). Tubes whose type numbers are 
printed in bold type are suggested for 
new equipment design. Unless otherwise 
noted, the ratings given are based on the 
absolute maximum system. 

After suitable tube types are se- 
lected from the appropriate tables, the 
final choice should be based on the com- 
plete ratings for the types under consid- 
eration, as given in the Tube Types— 
Teehrncai Data Section. 



SERVICE APPLICATIONS 

1. AF Power Ampliffer and Modulator Sideband Suppressed Carrier, Two- 
Service Tone Modulation 

2. Plate-Modulated RF Amplifier — Qass C S.Plate- or Grid-pubed Amplifiers or 
Telephony Oscillators 

3. RF Amplifier Service— Class C Telegraphy 6. Special Services 

4. Linear RF Amplifier Service — Single- 7. Rectifier Tubes 



1. Power Tubes for AF Power Amplifier and Modulator Service 



Power 




Filameot 


Maximum Plate Ratings^ 


Kind3 


RCA 


Output 


Cooling^ 


or 




Input 


Dissl- 


of 


TYPE 


(TypiaOy 




Heater 






pation 


Tube 


NO. 


Watts* 




V<at8 




Watts 


Watts 






CLASS A AMPLIFIERS 












2.7 


N 


63 


275 




825 


BP 


5686. 




N 


6.3 


375 


40 


21 


BP 


51614^ 


mjASS AB, AMPUFIERS*' 












20 .5 


N 


12 to 15 


300 


21 


10 


BP 


7551; 


20 .5 


N 


6.3 


300 


21 


10 


BP 


57558} 


44 


N. 


6.3/12.6 


750 


100 


30 


BPBP 


829B' 


80 


FA 


63 


1000 


180 


115 


C 


6816 


80 


FA 


26.5 


1000 


180 


115 


C 


6884 


80 


FA 


6.3 


1000 


180 


115 


CR 


7457^ 


80 


C 


€S 


1000 


180 




CR 


7842 


80 


C 


26 S 


1000 


180 




C 


78431 


80 


c 


63 


1000 


180 




c 


7844 


82^ 


N 


63 


600 


60 


20 


BP 


56146 


82 


N 


263 


600 


60 


20 


BP 


^159 


» 


N 


12.6 


600 


60 


20 


BP 


^6883 


82 


N 


63 


600 


60 


20 


BPR 


»7212 


82 


N 


263 


600 


60 


20 


BPR 


«735Tf 


3M 


N 


10 


2250 


360 


100 


mp 
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1. Power Tubes for AF Power Amplifier and Modulator Service (Cont.) 



Power 
Output, 
nVnical) 


Cooling^ 


Filament 

or 
' Heater 


MaxIiiHim mate Ratings^ 
Input. Dissi- 
patl<Hi 


Kind' 

of 
Ttebe 


RCA 
TYPE 
NO.! 


Watts* 






V<dts 


Watts 


Watts 






590 


FA 


6 


2000 




250 


BP 


J 7203/ 
]4CX250B 


590 


FA 




2000 




250 


BP 


j7204/ 
]4CX250F 


1600 


FA 


63 


3000 


1500 


600 


CR 


7650 



CLASS ABj AMPLIFIERS* 



42 


N 


6.3 


400 


30 


10 


BPQ 


42 


N 


6.3 


600 


30 


10 


BP 


42 


N 


12 .6 


600 


30 


10 


BP 


80 


N 


63 


600 


60 


25 


BP 


80 


N 


12.6 


600 


60 


25 


BP 


90 


N 


6.3 


600 


62 .5 


20 


BP 


90 


N 


26^ 


600 


62.5 


20 


BP 


90 


N 


12.6 


600 


62 .5 


20 


BP 


90 


N 


6 .3 


600 


62 .5 


20 


BPR 


90 


N 


26.5 


600 


62.5 


20 


BPR 


140 


FA 


6.3 


1000 


180 


115 


C 


140 


FA 


26 .5 


1000 


180 


115 


C 


140 


FA 


6.3 


1000 


180 


115 


CR 


140 


C 


6.3 


1000 


180 




CR 


140 


C 


26.5 


1000 


180 




C 


140 


C 


6.3 


1000 


180 




C 



52E24 
52E26 
56893 
S807 
51625 
56146 
56159 
56883 
57212 
57357 
6816 
6884 
7457 
7842 
7843 
7844 



CLASS B AMPLIFIER* 



10 .4 N 6 .3 


300 




3 


TT 


235 N 6.3 


1250 


165 


45 


T 


235 N 6 .3 


1250 


165 


45 


T 


1650 N . .10 


3000 


1125 


300 


T 


2400 FA 10 


4000 


1600 


400 


T 


, -/ _ * 
' Cooling: N, natural; FA, forced air; C, conduction. 








' CCS, unless otherwise noted. 










1 Designations for kind of tube: 










BP Beam power 


I* 


Pentode 






BPQ Quick-healing beam power 


PP 


Twin pentode 






BPR Ruggedi^cd beam power 


PT 


Pencil triode 






BPBP Twin^beam power 


T 


Triode 






C Cermolox 


TT 


Twin triode 






CR Ruggedtzcd cermoldx 


T-P 


Triode-pentode 







1635 
5811 A 
58 12 A 
5833A 
5833A 



* Approximate. 
' ICAS ratings also shown in Technical Data Section. 
I Typical power output for two tubes, except twin-unit types. 

Except Jor type» listed in TabU 7 (BeOtJitr Tttbea), tube type numbers in BOLD PACE are suggested for use 
in new equipment design. 
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B/^ J Transmitting Tubes 

2. Power Tubes for Flat&-Modalated RF AmpHfio' Service— Class C Telephony 



Typical operation Maximum Plate Ratings^ 

FQament MaxFreq Kind^ RCA 

Power Fre- Cool- or for FuU DC Dissi- of TYPE 

Output quency ingi Heater Input Input pation Tube NO. 

Watts* #(at> Mc Volts Mc Volts Watts Watts 



1 .7 


3000 


c 


12.6 


_ 


750 


45 




C 


7801 


1 .7 


3000 


c 


6 .3 




750 


45 





C 


7870 


3^ 


500 


N 


6 .3/12 .6 


500 


200 


8 


4 


pp 


56939 


5J 


500 


N 


6 


2000 


260 


8.5 


5 


PT 


55893 


6.4 


30 


N 


6 




250 


10 


8 


BP 


S5763 


6.4 


30 


N 


13 .5 




250 


10 


8 


BP 


S6417 


6.5 


175 


N 


6.3 


175 


250 


15 


7 


BP 


107095 


6.5 


175 


N 


' 6.3 


175 


250 


15 


7 


BP 


57558 


6^ 


175 


N 


12 to 15 


175 


250 


15 


7 


BP 


7551 


6.7 


500 


N 


6 


500 


275 


9 


5.5 


PT 


56263 


6.7 


500 


N 


6 


500 


275 


9 


5.5 


PT 


B6263A 


13.5 




N 


6.3 


125 


400 


20 


6.7 


BPQ 


52E24 


13 .5 




N 


6.3 


125 


400 


20 


6.7 


BP 


52E26 


13.5 




N 


12.6 


125 


400 


20 


6.7 


BP 


56893 


'17 




N 


6 3/12 .6 


200 


600 


22 


10 


BPBP 


5832A 


17 


400 


c 


12 .6 




750 


45 




C 


7801 


17 


400 


c 


6.3 




750 


45 





c 


7870 


28 




N 


6.3 


60 


475 


40 


16.5 


BP 


5807 


28 




N 


12.6 


60 


475 


40 


16.5 


BP 


51625 


34 




N 


63 


60 


480 


45 


13 3 


BP 


56146 


34 




N 


26.5 


60 


^0 


45 


13.3 


BP 


S6I59 


34 




N 


12.6 


60 


480 


45 


13.3 


BP 


56883 


34 


60 


N 


6.3 


60 


480 


45 


13 .3 


BPR 


57212 




60 


N 


26 .5 


60 


480 


45 


13 .3 


BPR 


57357 


45 


400 


FA 


6.3 


1215 


800 


120 


75 


c 


6816 


45 


4UU 


if A 


ZD .3 




MIA 












Ann 


Jd A 


D .J 




RAH 


17(1 

I All 






74S7 




drift 
4UU 






171 ^ 


9tnn 






CR 




AS 


Ann 




ZD 




ouu 


170 




c 


7843 








6 3 


1215 


800 


120 




c 


7844 


750 




N 


6.3/12.6 


200 


600 


67.5 


21 


BPBP 


5829B 


770, 




FA 


63/12.6 


200 


600 


90 


28 


BPBP 


«829B 


85 




N 


63 


30 


1000 


115 


30 


T 


58T2A 


88 




N 


6.3 


30 


1000 


115 


30 


T 


5811A 


120 


900 


FA 


6.3 


900 


1300 


270 


167 


T 


6161 


180 




N 


id 


30 


1600 


240 


67 


BP 


«813 


235 


175 


FA 


6 


500 


1500 




165 


BP 


7203/ 
4CX250B 


235 


175 


FA 


26.5 


500 


1500 




165 


BP 


7204/ 
4CX250F 


600 


400 


FA 


6.3 


1215 


2000 


1000 


400 


CR 


7650 


635 




N 


10 


30 


2500 


835 


200 


T 


5833A 


800 


600 


FA 


S3 


1215 


2000 


1700 


1000 


C 


7213 


1000 




FA 


10 


20 


3000 


1250 


270 


X 


*833A 



T Both sections. 

" ICAS ratings only. 

!• «•*•«•• See TBble 1. 
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AppUeai^on Tables 



3. Power Tubes for RF Amplifier Service— Class C Telegraphy 



















Filament 


Max. Freq. 




Kinds RCA 


Power Fre- 


Cool- 


or 


for Full 


DC Dissi- 


of TYPE 


Output qoency 


ingi 


Heater 


Input 


InpDt pation 


Tube NQ. 


Watts^ (at) Mc 




Volts 


Mc 


Volts Watts Watts 





CLASS C AMPLIFIERS, RF TELEGRAPHY 



1 .2 


10 


N 


1 .4/2 .8 




150 


3 


2 


P 


83A4 




IQOft 


N 


6.3 


5000 


250 




23 


PT 


7554 


2 




N 


1 .4/2 .8 




135 


2 


1 


TT 


«3A5 


3.2 


3000 


c 


12.6 




750 


52 3 




C 


7801 


3.2 


3000 


c 


6.3 


_ 


750 


523 




c 


7870 


»3.5 


940 


N 


12-15 




9300 




^2.75 


T-P 


7060 


4 


40 


N 


12-15 




300 





5 


P 


8077/ 
7054 


5 


500 


N 


6.3 


1700 


360 


9 


6.25 


PT 


.4037 


5 


500 


N 


6.3 


1700 


360 


9 


6.25 


PT 


5876 


5 


500 


N 


6.3 


1700 


360 


9 


6.25 


PT 


5876A 


5 


500 


N 


63/12 .6 


500 


250 


12 


6 


PP 


S6939 


5.25 


125 


N 


6.3 




275 


11 


8.25 


BP 


5686 


5.5 


1000 


N 


6 


2000 


320 


11 


7 


PT 


55893 


7 


500 


N 


6 


500 


330 


13.2 


8 


PT 


*6263 


7 


500 


N 


6 


500 


330 


13.2 


8 


PT 


56263A 


7 


175 


N 


6.3 


175 


300 


18 


10 


BP 


1*7095 


7.5 


500 


N 


6 


500 


320 


13 .2 


8 


PT 


56264A 


8.5 


175 


N 


12/15 


175 


300 


21 


10 


BP 


■ 7551 


8^ 


175 


N 


63 


175 


300 


21 


10 


BP 


57558 


10 3 


30 


N 


6 




300 


15 


12 


BP 


S5763 


10 .3 


30 


N 


13.5 




300 


15 


12 


BP 


S64I7 


20 


125 


N 


6.3 


125 


500 


30 


10 


BPQ 


52E24 


20 


125 


N 


6.3 


125 


500 


30 


10 


BP 


52E26 


20 


125 


N 


12.6 


125 


500 


30 


10 


BP 


S6893 


21 




N 


6.3 




375 


35 


21 


BP 


51614 


726 


_ 


N 


6.3/12.6 


200 


750 


36 


15 


BPBP 


5832A 


27 


400 


C 


12 .6 




750 


523 




C 


7801 


27 


400 


C 


63 




750 


523 




C 


7870 


30 


175 


N 


63 


60 


750 


90 


25 


BPQ 


104604 


40 




N 


6.3 


60 


600 


60 


25 


BP 


5807 


40 




N 


12.6 


60 


600 


60 


25 


BP 


51625 


40 


1215 


FA 


63 


1215 


1000 


180 


115 


C 


6816 


40 


1215 


FA 


263 


1215 


1000 


180 


115 


C 


6884 


40 


1215 


FA 


6 3 


1215 


1000 


180 


115 


CR 


7457 


40^ 


1215 


C 


63 


1215 


1000 


180 




OR 


7842 


40" 


1215 


C 


263 


1215 


1000 


^80 




C 


7843 


40 


1215 


c 


6 3 


1215 


1000 


180 




C 


7844 


52 


60 


N 


63 


60 


600 


673 


20 


BP 


56146 


52 


60 


N 


263 


60 


600 


673 


20 


BP 


^6159 


52 


60 


N 


12^ 


60 


600 


673 


20 


BP 


56883 
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RCA Transmitting Tubes . \mmst 



3. Power Tubes for RF Amplifier Service— Class G Telegraphy (Cent.) 



Tynitiil Operation 








Maximum Plate Ratings^ 












Filament 


Max.Freq 








RCA 


PoHcr 


Fre- 


ClUii 


or 


far Full 

iy/x pun 




DC 


Dissi- 


of 


TYPE 


Output 


quency 


inii' 


Ileaier 


Input 




Input 


putiun 


Tube 


NO. 


Watt8< (at)Mc 




Volts 


Mc 


Volts 


Watts 


Watts 






52 


60 


N 


6 .3 


60 


600 


67 .5 


20 


HDD 


^ 1 Lli 


52 


AO 

uv 


N 


26 ,5 


60 


.600 


67 .5 


20 




IJJ 1 


/u 




N 


6 .3/12 .6 


20U 


'750 


90 


: . 30 


RPRP 
i>JrUl 






470 


\^ 






2200 


660 






8072 






FA 


6.3/12.6 


200 


750 


120 


40 


BPBP 


■■'829B 


1 "in 




N 


6 .3 


30 


1250 


175 


45 


np 
1 


so 1 T A 






N 


6.3 


30 


1250 


175 


45 


T 


S8I1A 


180 


900 


FA 


6.3 


900 


1600 


400 


250 


x 


6161 


235 


470 


FA 


13 .5 


500 


2200 


660 


150 . 


BP 


8121 


250 


500 


FA 


6 


500 


ivW 






BP 


7203/ 
4CX250B 


250 


500 


FA 


26,5 


500 


2000 




250 


BP 


7204/ 
4CX250F 


275 




N 


10 


30 


2000 


360 


100 


no 




300 


470 


FA 


13 .5 


500 


2200 


660 


400 


BP 


8122 


375 


1215 


FA 


6.3- 


1215 


2500 


1250 


700 


CR 


7650 


1000 




N 


10 


30 


3000 


1250 


300 


T 


5833A 


1350 


600 


FA 


5 .5 


12J5 


2500 


2500 


1500 


C 


7213 


1440 




FA 


10 


20 


4000 


1800 


400 


T 


•=583 3 A 



■ Both sections. 
* Desinn Center vaUies. 
» For pentode unit, 
w ICAS— ratings only. 
I, I, • See /Table 1. 



4. Power Tubes for Linear RF Amplifiers— 
Single-Sideband Suppressed-Carrier, Two-Tone Modulatitm 



Typical Operation 

Poweri2 Fre- 
Output quency 


Cool- 
ingi 


Filament 
or 
Heater 


Max. 
Freq. 
for Full 
Input 


Maximum Plate Ratings^ 

»2DC Dissi- 
" -"Current i»ti<m 


Kind3 

of 
T^be 


RCA 
TYPE 
NO. 


Watts-* (at) Mc 




Vohs 


Mc 


Vdts 


Ma 


Watts 






80 


30 


C 


12-15 


500 


2200 


450 




BP 


8072 


120 


30 


N 


6.3 


30 


1250 


175 


45 


r 


SUA 


170 


30 


FA 


13 .5 


500 


2200 


450 


150 


BP 


8121 


295 


30 


FA 


6 


500 


2000 


250 


250 


BP 


7203/ 


















4CX250B 


295 


30 


FA 


26 .5 


500 


2000 


250 


250 


BP 


7204/ 


















4CX250F 


360 


500 


FA 


6 


500 


2000 


350 


250 


BP 


7580 


380 


30 


FA 


13 ,5 


500 


2200 


450 


400 


BP 


8122 


680 


30 


FA 


6.3 


1215 


2500 


500 


600 


BP. 


7650 



»» Peak envelope. 
1* I* t, 4 See Tablet. 
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5. Power Tubes for Plate- or Grid-Pulsed Amplifiers or Oscillators 



Typical, Operation 




Ma?diiiiiin Plate Ratings^ 




If 

. . So 


Pulse 
Duration 


Duty 
Cycle 


Frequency 


a 

"o 

o 
U 


Filament 
or Heater 


Max. Frequency 
for Fiill Input 


Peak Plate 


Peak Plate 


Maximum 
ON Time 


Time 
Interval 


Kind of 
Tube 


RCA TYPE NO. 




JUSGC 




Mc 




Volts 


Mc 


Volts 


Amp. 




usee 






PEATE-PULSED AMPOFIERS OR OSCILLATORS" 










1.2 


1 


0.001 


3300 


N 


6 


4000 


1750 


3 


5 


5000 


PT 


5893 


4.5 


10 


0.01 


1215 


FA 


6.3 


1215 


3000 


3 


10 


1000 


RC 


7649 


14 


5 


0.01 


1250 


FA 


6.3 


1300 


7500 


4.5 


10 


1000 


T 


5946 




10 


0.01 


1Z15 


FA 


6.3 


1215 


8000 


9 


10 


1000 


RC 


7651 


65 




0.01 


1215 


FA 


5.5 


1215 


10000 


18 


10 


lOOO 


C 


7214 


GRID-PCLSED AMPI4FIERS OR OSOLLATORSi^ 










2^ 


10 


0.01 


1215 


FA 


6.3 


1215 


M2250 


3 


10 


1000 


RC 


7649 


20 


10 


0.01 


1215 


FA 


5.5 


1215 


"5000 


18 


10 


1000 


C 


7214 


ZO 


10 


0.01 


1215 


FA 


6.3 


1215 


"5000 


9 


10 


1000 


RC 


7651 



i3 See Technical Data Section tot exact classification in each case. 

"DC Plate Volts. 

1" Peak. * " ^ 

1. 2. *» ace Table 1. 

6^ Power Tubes for Special Services 
See Technical Data Section for further infonaatioii ou each type. 

Se^ce RCATYPENO. 

Balanced Modulator 7360 

Class C OsciUator 4037, 5675» 6026 

Control Amplffler 3C33 

frequency MoRi^ier 4037, 5763, 5876, 5876A, 5893, 6161, 

6264A, 6562/5794A, 6939, 7551, 7554, 7558, 7905, 8077/7054 

Integral-Cavity OscUlator 6562/5794A, 7533 

Unear RF Power AmpUflei^AM Tdephony .7580 

Low-Noise Class A Amplifier, RF 7552, 7553 

Modulator-Rectangular-Wave Modulation 3E29, 6293, 7358 

Pulse Detector <. 6173 

Regulator .4600A 
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RCA Transmitting Tubes 
7.1lectifier Tubes 



FUameat 
Or Healer 
Volts 



Peak 
Inverse 
Volts 



Maximum Plate Ratings^ 



Peak 
Amperes 



Average 
Amperes 



RCA 
TYPE 
NO. 



HAT 1? WAVIT 


MERCURY-VAPOR TYPES: 










n K 




' 816 




1IWUUI 
JvUUU 


t 




T8A6A ' 




2500 


2 r,;. 


ft ^ 




K 


10000 






871 A KOOK 


5 


15000 


6 1 


1.5 


575A, 673 


5 


20000 


8.3 


1.^ 


6894. 6895 


5 


1*15000 


»10 , 


"2 .5 


575A, 673 


2^ 


2000 


1® 


2-5 


615/7018 


5 


5000 


15 


2.5 


5558 


5 


"20000 


1*11 .5 


1*2 .5 


6894, 6895 


5 


10000 


16 


4 


5561 


2.5 


1000 


77 


6.4 


635/7019 










635L/7020 


5 


3000 


40 


6.4 


^ 5561 


HALF-WAVE, GAS TYPES 








2.5 


10000 


1 


0.25 


3.B28 


2.5 


4500 


2 ■ 


■03 


3B25 


23 


5000 


2 


03 


3^8 


HAI^-WAVE, VACUUM TYPES 








6.3 


375 


0.05 


0 .0055 


6173 


23 


12500 


0.06 


0.0075 


■2X2A 


23 


^000 


1 


0.25 


«3« 


FULL-WAVE, VACUUM TYPES 








5 


3100 


0.715 


0 .147 


5R4GYB 


5 


2800 


0.650 


0.175 


5R4GY 


FULL-WAVE. 


MERCURY- VAPOR TYPES 






5 


1550 


1 


0 .225 


83 


2.5 


900 


10 


2.5 


604/70J4 



» In-phase operation, unless othemrise noted. 
1* QuRdrature operation. 



94 




RCA Tube Types -Technical Data 

This section contains technical descriptions of RCA tubes used in transmitting, 
industrial, and amateur equipment. It includes data for current types, as well as 
those KCA discontinued types in which there may still be some interest. Tubes in 
this section are listed according to the numerical-alphabetical-ntimericid sequence of 
their type designations. 

Unless otherwise specified, the ratings given are based on the absolute maxi- 
mum system. Class C Telegraphy ratings assume key-down conditions (per tube) 
without amplitude modulation. Class C Telephony ratings are established with 
fully modulated carrier conditions (per tube). For Key to Base and Envelope Con- 
nection Diagrams, see inside back cover. 

- For an explanation of the terms used in the descriptive data for tube types, 
reference should be made to the Interpretation of Tube Data Section. For assistance 
in making an initial selection of tube types suitable for specific appUcaliona, refer- 
ence should be made to the Applicaiion Tables Section. 

^ UHF POWER TRIODE 

Forced-air-cooled type used as rf 
power amplifier, oscillator, and fre- QC^QA 
quency multiplier. May be used at full XV^OT/^ 
input up to 2500 Mc and at higher fre- 
tTd-H quencies in cathode-drive circuits of 

the coaxial-cylinder type. Class C Telegraphy maximum CCS plate dissipation, 
100 watts. Requires special mounting which should support the tube by the plate- 
terminal flange only. May be operated in any position. Flexible connectors of the 
spring-contact type are required for all terminal connections. Outline 85, Outlines 
Section. 

Heater Voltage (AC/DC)' 6.3 volts 

Heater Curremt 1.0 ampere 

Transcon'ductan-ce* 24000 /iinhos 

Amplification Factor 100 

Dirkct In-tekei.ectrodg Capacitances: 

Grid to plate 2 intl 

Grid to cathode and heater 6.6 wrf 

Plate to cathode and heater 0.035 max itid 

Seal Temperature (Plate, grid, cathode, and heater) 175 max 'C 

° Because the cathode is subjected to considerable back bombardment aa the frequency 13 increased with 
resultant increase in temperature, the heater voltage should be reduced depending on operating condU 
tions and frequency to prevent overheating of the cathode and reBultaat short life. 

* Plate volts. 600; plate miltiampereB, 70. 

• PLATE-MODUIATED RF POWER AMPUHER—Cla» C Telephony 
Maximum CCS Ratings: 

DC Plate VOLTAGH 600* max volts 

Grid Voltage; 

DC -150 max volts 

Peak Negative RF 400 max volts 

Peak Positive RF 30 moi volts 

DC Grid Current 50 max ma 

DC Cathode Cxirrbnt 100 wtaa: ma 

Grid Input 2 max watts 

Plate Dissipation 70 max watts 

• For use with a modulation factor of less than 1.0, it is permissible to use a higher dc plate voltage 
provided the sum of the peak positive modulation voltage and the dc plate voltage does not exceed 1200 
volts. 

RF POWER AMPLIFIER AND OSOLLATOR— Class C Telegraphy 
Moximum CCS RoHngsi 

D@ FU^J^TjMl9. > .... 1000 ««» Tolta 
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RCA Transmitting Tubes 



GkidVoltagb: 

DC - ■ • -150 max volte 

Peak Nesative RF , volts 

Peak Poaitive RF 30 mar volts 

DC Grid CUKRBNT. . 50 max ma 

DC Cathode CubbbNt '. 125 max ma 

Gbid Input 2 max watts 

Plats Di8Sim.TioN. ■ 100 mo* watts 




POWER TRIODE 

_ Disk-seal lighthouse types used as 

2C40 power amplifier, cw oscillator, and 

— _ plate-pulsed oscillator (2C40A only) 
2C4UA at frequencies up to 3370 Mc. Class C 
Telegraphy maximum CCS plate dis- 
sipation, 6.5 watts. Requires Octal socket and may be operated in any position. 
Outline 7, Outlines Section. The 2C40Ais unilaterally interchangeable with type 
2C40. Type 2C40 is used principally for renewal purposes. The RCA 4037 replaces 
the 2C40 in most applications. 

Hbateb Voltage (ac/dc) 

Heatek Current 

Transconductance-^^ ; 

AMPLrpiCATioN' Factok'- 

Direct Tn'trkblectroob Capacitances; 

Grid to plate 

Grid to cathode 

Plati; to cathode 

Cathode rf connection to cathode 

Seal Temperature 

* Plate supply volts, 250; cathode resistor, 200 ohms; plate ma., 17, 



2C40 


2C40A 




6. 3 ±5% 


6.3*5% 


volts 


0.75 


0.75 


ampere 


4860 
36 


&100 
85 


^tmhos 


1.3 


1.3 


nnf 


2.2 


2.2 




0.03 


0.03 


tint 


100 


100 


nut 


175 


176 





RF POWER AMPIIFIER AND OSCILLATOR— CLASS C TelcBraphy 
Maximum CCS Ratings: 

DC Plate Voltagb , BOO max volts 

DC Gbid Voltaob -60 max ¥olt» 

1)0 Plate Currsnt Z6 max ma 

DC Grid Currbnt 8 max ma 

PUTB Dissipation , 6.6 nuia: watts 

PBAK HEATfiB-CATHODB VOLTAGE: 

.Heater negative, with respect to cathode 90 max volts 

Hotter positiTO with resfmct to cathode 90 max Tcdts 



PLATE-PULSED OSCILLATOR— Class C itC^OA only) 

Maximum Ratings- For a maximum ON time* of 10 mieroMcondM 

Peak Plate Voltage 

Peak Oiud Voltage '. ; 

Peak Plate Current 

Peak Grid Current 

DC Plate Current. . . . ; 

DC Gbid Current 

pL.4Tfc: Dissipation 

Duty Factob" 

FuisE Duration 

Peak Hbatbb-Cathodb Voltage: 

Heater negative with respeet to cathode. 

Heater positive with respect to cathode 

* ON time for this tube is thesuni of the dur&tioQs of all the individual puUes which occur during any 
6000-microsecondihterTal. FuliK~4uretioivia defined as the time interv^ b the two points on the 

pulse at wUcii the instantaneouiETalueia 70 per ceot-of the peak value. The peak value b-di^ned uHdie 
maximum value of a smodth curve thcoucb th^ avrntg^ of the fluetoations over the top portion of the 
pulse. ' 

*'Duty factor is the product oCpuIse duration and repetition rate. For variable pnh» darations and pulse 
repetittoQ rates, the duty factor for this tube ia defined as the ratio of time ON to total elapsed time 
in any 5000-micr(»econd ihterriU. 'L 
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1400 max 
—100 mux 

2 max 
I max 

3 max 
I4S max 

4 max 
0.002 max 

1.6 max 

90 max 

90 max 



volts 
volts 
amperes 
amperes 
ma 
ma 
watts 

Msec 

volts 

volts 




HIGH-MU TRIODE 

Disk-seal liKhthouse type used as rf power 
amplifier and cw osdllator at frequencies up to 
1500 Mc. Class C Telegraphy maximum CCS 
plate dissipation, 12 watts. RequiresOctal socket 
and may be operated in any poidtion. OUTUNS 
10, OutliTies Section. The 2C48 is lued prinei- 
pally for renewal purposee. 



2C43 



Heater Voltage (ac/dc) 

HEATEii CuiiKENT 

Transconductan'ce* 

Amplification Factor^' 

Direct Interelectbode Capacitances: 

Grid to plate ^ 

Grid to cathode 

Plate to cathode ' . . . ; 

Cathode rf connection to cathode 

SOAL T^MPEBATUBE 

* Plate-supply volts, 260; cathode resistor, 100 ohms; plate milliamperes, 21. 

RF POWER AMPLIFIER AND OSCILLATOR— Cfoss C Telegraphy 
Maximum CCS Ratingst 



6.8*5% 


Tolts 


0.9 


ampere 


8100 


^mhoB 


60 




1.8 


w»f 


8.0 




0.04 max 




100 




176n«ia; 





DC Platb Voltage 

DC Plate Cvbbent. . . 
DC Cathode Cubrbnt. 

Plate Dissipation 



600 max 
40 max 
66 max 
12 max 



volts 
ma 
ma 

watts 




2E24 



BEAM POWER TUBE 

Glass-octal type having quick- 
heating coated filament used as af pow- 
er amplifier and modulator and as rf 
power amplifier and oscillator in mo- 
bile- and emergency-communications 
equipment. May be used with full input up to 125 Mc and with reduced input up 
to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 10 watts, ICAS 
13.5 watts. 

FlUMSm V<H.TAOB (AC/DC) 

FiLAHBNT CUBBBNT 

Filament Heating Time 

tban8c0nductahce* 

Mu-Factob, Grid No.2 to Grid No.1** 

Direct Interblbctbodb CAPACiTANCEsr" 

Grid No.1 to plate 

Grid No.1 to filament mid-tap, grid No^, intoiuU shidd, and grid No.2 
Plate to filament mid-tap, grid No.3, int^nal shield, ffrid No.2, and base 

sleeve 

Bulb Temfebatube (At hottest point) 

* Plate volts, 600; Krid-No.2 volts, 200; plate mUliamperes, 16. 

Plate and irid-No.2 volts, 200; idate milliamperes, 16. 
" "Without external shield; with base sleeve connected to ground. 

AF POWER AMPLIFIER AND MODULATOR-Class AB2 

Maximum Ratings: 

DC Plate Voltage , 

DC Grii>-No.2 Voltage 

Maximum-Signal DC Plate Curbbnti 

Maximum-Signal Plate Input* 

Maximum-Siokal Gbid-No.2 Inpdti 

Plate Dissipation* 

Typical Operation (VoIhm are for » tubes): 

DC Plate Voltage 

DC Grid-No.2 Voltage ; 

DO Grid-No.l Voltaget 

Peak AF Grid-No.l-to-OrId-No.l Voltage 



6.3 


volts 


0.65 


ampere 


less than 2 seconds 


8200 


^mhoB 


7.6 




0.11 max 




8.6 




6.5 




210 max 


•C 



CCS 


ICAS 




400 max 


500 max 


volts 


200 max 


200 max 


volts 


75 max 


75 max 


ma 


30 max 


37.5 max 


watts 


2.5 max 


2 . 5 max 


watts 


10 max 


13.6 max 


watts 


400 


600 


vidts 


126 


126 


volts 


-16 


-16 




82 


82 


■volts 
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Zero^ignal DC Plate Current 18 20 tarn 

Maximum-Signal DC Plate Current 150 150 ma 

Zero-Signal DC Grid-No.2 Current 0.6 0.6 ma. 

Maximum-Signal DC Grid-No.2 Current. ... .' 26 28 'm» 

Effective Load Resistance (Plate to plate) 7000 9000 ohms 

Maximum-Sigaal Driving Power (Approx.) ... ; 0.43 0.46 watt 

MazimumrSiSilBl Powor Output (Approx.) 42 54 watts 

Maximum Circuit Values (CCS or ICAS conditiont): 

Grid-No.l-Circuit Resistance 30000^ max ohms 

■ Averaged over any audio-frequency cycle of nne-waTe form, 
t For ac filament supply. 

t IPot op«r«tion at less than maximum ratansB, this yaXw may be as high as 100000 ofaraa. 

PLATE-MODUUTED RF POWER AMPUFtER— Oass C Telephony 

Maxtmum Ratings: cCS ICAS 

DC PLATta VOLTAOB. 400 mox 500 max volts 

DC Grii>-No.2 Voltaob. . . 200 max 200 max volts 

DC Grii>-No.1 Voltage -175 max -175 max volts 

DC Plate Cuerent. 60 max 70 max ma 

DC Grid-No.1 CuBBBNT v^iv; 3.5 max 3.5 max ma 

Plate Input -. . 20 max 27 vmx watts 

Grii>-No.2 Input 1.7 max 2.3 max watts 

Plate Dis.sifation 6.7 max 9 max watts 

Typical Operation: ■■ 

DC Plate Voltage ' 400 500 volta 

DC Grid-No.2 VoltageO 180 180 volts 

From a seriea resistor of 2750O 40000 oliraa 

DC Grid-No.l Voltagefo' -45 -45 volts 

From a grid-No.l resistor of 18000 18000 ' ohms 

Peak ilF-G]rid-No.l Voltage 61 62 volts 

DC Plate Current 60 64 ma 

DC GEid-No^ Current 8 8 , ma 

DC Giid-No.l Current (Approx.) 2.5 2.6 ma 

Driving Power (Approx.) 0.16 0.16 watt 

Power Output (Approx.) ^13.8 '18' / ./..^wirtts 

Maximum Circuit Values (CCS or ICAS conditions): 

Grid-No-l-Circuit Kesistaiice r^-? • SOOOOt imat ohms 

O Obtained prefOTably from separata source modulated atong ^th plate sup^y, or from the modulated 

' plate supply through series resistor of value shown. ' 
t For ac filament supply. 

o'Obtained preferably from grid-No.l resistor or from a combination of grid-No.l raslator with either 

fixed supply or .cathode resistor.. . . , ' ' 

t Por operation at len than maximum raUngs, this value nuiy Ijie ak 'h^h as 100000 Ohms. 

RF POWER AMPUnER AND OSCILLATOR^ Class CTttlegraphy 

and 

RF POWER AMPLIFIER— Class C FM telephony 

Maximum RatitiQS: ^ ,..^l.CCS /CAS .. 

DC Plate VoLTAGB 500 maa; ' 600 moa; voltl: 

DC Grid-No.2 VoltagsI. -. '. .. 200 max 200 max - v^t 

DC Grid-No.1 Voltaqh ■ -175 max -175 viax volts^ 

DC Plate Current. 75 max 85 max ma 

DC Grid-No.I CUBBBNT 3.5 max 3.5 mox raa 

Plate Input v 30 max 40 max watts 

Grjd-No.2 Input , 2.5 vuix 2 . 5 max watts 

Plate Dissipation 10 mux 13 . 5 max watts 

Typical CCS Operation: jjj Mc 

DC Plate Voltage 400 500 volts 

DC Grid-No.2 Voltage® ; 200 190 volts 

From a series resistor of 20000 29000 ohms 

DC Grid-No.l Voltaget* -45 -45 volts 

From a grid-Ncl resistor of 16000 16000 ohms 

Peak RF 6rid-No.l Voltage 62 66 votte 

DC Plate Current 76 60 ma: 

DC Grid-No.2 Current 10 10. S as 

DC Grid-ND.l Cuimt 8 S mm 
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Technical Data 



Driving Power (Approx.) 

Power Output ( Approx.) « . 

Typical ICAS Operqijon: 

DC Plate Voltage..! 

DC Grid-No.2 Voltase* 

From a series resistor of 

DC Grid-No.l Voltaget • 

From a grid-No.l resistor of 

Peak RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current 

Driving Power (Approx.) 

Power Output (Approx.) 

Maximum Circuit Values (CCS or ICAS conditions): 



0.19 


0.2 


watt 


20 


20 


watts 


XtSMc 


190 Me 




600 


360 


volts 


195 


170 


VOltB 


40600 


18000 


ohms 


-60 


-50 


volta 


18T0O 


16500 


oh ma 


71 


70 


volts 


66 


86 


ma 


10 


10 


Ttlfl 


3 


s 


ma 


0.21 


s 


watts 


27 


16.6 


watts 




80000 t max 


ohms 



■> Obtained preferably from separate source, or from the plate-aupp^ Toltaga wit& a yottage divider, or 
through a seri« resistor of value shown. Grld-No.2 voltage must not weeed 600 v<^ts under key^ip 

conditions. 

t For ac filament supply. 

• Obtained from fixed supply, by grid-No.l resistor, by cathode resistor, or by combination methods. 
{ for operation at less tlian maximum ratings, this vabie may be as high as 100000 ohms. 

AVERAGE CHARACTERISTICS 
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OPERATING CONSIDERATIONS 

Type 2E24 requires Octal socket and 
may be operated in vertical position with 

base up or down, or in horizontal position 
with pins 3 and 7 in vertical plane. Effec- 
tive rf grounding and simplified shielding 
of input from output are facilitated by 
the base sleeve with separate base-pin 
connection and the single base-pin con- 
nection for filament mid-tap, grid No.3, 
and internal shield. Oxttlinsi X6, OvMim 
Section. 

For operation at 150 Mc, plate volt- 
age and plate input should be reduced to 
83 per cent of maximum ratings; at 160 
Mc, to 75 per cent; at 175 Mc, to 68 per 
cent. Plate shows no color when the tube 
is operated at mlaxinaum CCS or ICAS 
ratings. 



AVERAGE CHARACTERISTICS 



TYPE 2E24 
EfS«.3 VOLTS DC 
CRtO-Nt2 VOLTSateO 




400 SOO 
PLATE VOLTS 



•aCM-StSOTI 
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BEAM POWER TUBE 

Glass-octal heater-cathode type 
used as af power amplifier and modu- 
lator and as rf power amplifier and 
oscillator. May be used with full input 
up to 125 Mc and with reduced input 
up to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 10 watts, 
ICAS 13.5 watts. 



2E26 




HbATBU VOLTAGli (AC/DC) 6-3 

HEAT13K Current 0.8 

Transconductancbi* , . . . 8600 

Mu-Factor, Grid No.2 to Grid NoA** 6.5 

DiBBCT iNTBRBLiaQTRODB CAPACITANCBB:'* 

Grid No.l to plate 0.20 mm 

Grid No.l to cathode, grid-No.8, internal shield. grid-No.2, base sleeve, 

and heater , 13 

Plate to cathode, grid-No.3, internal shi^, grld-1^'o.Z, And heater 7 

Bulb Tbmpbbaturb (At hottest point) : 210 max 

* Plate voLtB, 600; grid-No.2 volts, 200; plate milliamperes, 20. 
** Plate and Brid-No.2 volts, 200; place mUUamperes, 20. 

* Without extern^ shield. 

AF l>OWER AMPUHER ANp MOOgLATQR— Class AB2 

Maximum Ratings; 

DC Plate Voltage 

DC GRiD-No.'i Voltage , 

Maximum-Signal DC Plate Cuurbnt" 

Maximum-Signal Plate Input* 

Maximum-Signal (JiiiD-No.2 Intut" 

Plate Dissipation" 

Peak Hsahir-Cathode Voltage: 

Heater negative with respect to cathode 

Heater poaitive with respect to cathode 



Typical Operation (Valuea are/or £ tabes): 

DC Plate Voltage 

DC Grid-No.2 Voltage'f 

DC Grid-No.l Voltage 

Peak AF Grid-No.l-to-Grid No.l Voltage. . 

Zero-Signal DC Plate Current 

Maximum-Signal DC Plate Current 

Maximum-Signal DC Grid-No.2 Current. . 
Effective Load Resistance (Plate to plate) . . 
Maximum-Signal Driving Power (Approx.) . 
Maximum-Signal Power Output (Approx.) . 



. - volts 
ampere 
ftinhos 



CCS 


ICAS 




600 max 


750 max 


VdltH 


250 max 


250 ?nax 


volts 


75 max 




ma 


30 max 


37.5 max 


watts 


2.5 max 


'Z:5 Toax 


watts 


idtnox 


12.5 max 


watts 


100 max 


100 max 


volts. 


100 max 


100 mast 


volts. 


-400 - 


500 


volts 


125 


125 


■ volts 


-15 


-IB'- • 


volts 


60 


60 


' volts 


20 


22 


ma 


150 


150 


ma 


32 


32 


ma 


6200 


8000 


ohms 


0.36 


0.86 


. watt 


42 


54 


watts 



Maximum Circuit Values (CCS or ICAS eondiHons}i ^ ^ 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation SOOOOJ max olirns 

For cathode-bias operation Not recommendSd 

■ Averaged over any audio-frequency cycle of sine-wave form. 

* Preferably obtained from a separate source or from the plate-supply voltage with a voltage divider, 
t In applications requiring the use of grid-No,2 voltages above 135 voiUs, proviainns should be made for 
adjustment of grid-No.l bias for each tube separately. The necessity lor this adjus;; neut at lower grid- 
Nu.2 voltages depends on the distortion re^p^trenien^ and on whether ttie. plate-^dasipation rating is 
exceeded at zero-signal plate current. 

t For operation z% less than maximum rat^^, this value may be as high at lOOOOO ahms. 



PLATE-MODUUTED RF POWER AMPUFIER— Class G Telephony 

Maximum Ratings: CCS ICAS 

DC Plate Voltage -100 max 500 max volts 

DC Grid-Xo.2 Voltage 200 max 200 max volts 

DC Gbid-No.1 Voltage -175 max -Xh max volts 

DC Plate Cubbsu^T 60 max 70 max ma 

DC Gbid-No.1 Current S.S max 3.5 max ma 

Plate Input 20 mag 27 max vfxtts 
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Grid-No.2 Input , ^ .. l.lmax 2.Zviax watts 

Plate Dissipation 6.7 max 9 max watts 

Pbak Hbateb^athodb Voltage: 

Heater negative with respect to cathode. 100 max 100 max 

Heater pc^tive with respeet to {»thode. < 100 ma» 100 max volts 

Typical Operation: 

DC Plate Voltage 400 600 volts 

DC Grid-No.2 VoltageO . . . ; 160 180 volts 

From series resistor of .". 82000 86600 ohms 

DC Grid-No.l Voltageo' -BO -60 volts 

Prom grid-No-l resistor of 20000 20000 ohms 

Peak RF Gnd-No.l Voltage 60 60 ■ volts 

PC Plate Current 60 54 -ma 

DC Grid-N'o 2 Current 7.6 9 ■ ma 

DC Grid-No.l Current (Approx.) 2.6 2.5 ma 

Driving Power (Approx.) ■ 0.16 0.15 watt 

PowOT Ou4^t (Appros.) 13.5 18 watts 

Maximum Circuit Votues (CCS or tCAS conditions}:. 

Grid-No.l-Circuit Resistance. ..... .\ 30000} max ohms 

0 Obtained preferably from separate soi^^.n^gdulated along with plate supply, or frojn the modulated 
{date supply through series raster of Valuo sttown. 

& Obtained from the grid-No.l resistor or Ircim a combination of grid-No.l resistor with ^ther fixed 
aupi^y or cathode i«ristor. 

t For operation at less than maximum riitings^^is Value toxy be as high as 100000 ohms. 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPUFIER— Class C FM Telephony 



Maximum Ratings: 


CCS 


ICAS 






500 max 


600 max . 


vcdts 






200 max 


volts 






-176 max 


volts 






86 max 


ma 






S.5 fflov 


' ma 






40 max 


watts 






2.6 max 


watts 






IS. 6 viax 


watts 


Peak Hbatbb-Cathodb Voltage: 












100 max 


volts 






100 max 


volts 


Typical CCS Operattoni 


ISS Mc 


160 Mc 








soo 


' volts 






170 


volts 






21500 


.ohms 






-75 


volta 






30000 


ohms 






85 


volts 






75 


nm 






6 


ma 


DC Grid-No.l Current (Approx.) 


3 3 


2.5 


ma 






1.5 


watte 






13 


watts 


Typical ICAS OperaNom 


125 Mc 


1 60 Me 








350 


volts 






200 


volts 






21500 


ohms 


DC Grid-Na-l Voltage* 


"45 


-90 


volts 




15000 


80000 


ohms 






106 


V<^tB 






86 


ma 






7 


ma 






8 


ma 






2 


watts 






16.6 


watts 
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Maximum Circuit Values (CCS or ICAS conditions): 

Grid-No.l-Circuit Redstance 300000 maxX ohms 

* Obtained preferably from separate source, or from the plate-«upplr voltage with a voltage divider, or 
through a series resistor of value shown. A giid-No.2 series renstor should be used only when the 2E26 is 
used in a circuit which is not keyed. Grid-No.2 vol1»ge muist not exceed 600 volts under key-up condi- 
tions. 

A Obtained from fixed supply, by grid-No.! rewstor, by cathode resistor, or by combination methods.' 
X For operation at less than maximum ratings, this value may be as high aa 100000 ohms. 



TYPICAL CHARACTERISTICS 



OPERATING CONSIDERATIONS 

Type 2E26 requires Octal socket and 
may be operated in any position. Effec- 
tive rf grounding and simplified shielding 
are facilitated by the base-sleeve with 
separate base-pin connection and the sin- 
gle base-pin eonnection for cathode, grid 
No.3, and internal shield. Outline 15, 
OuUineS'Section. 

For operation at 150 Mc, plate volt- 
age and plate input should be reduced to 
83 per cent of maximum ratings; at 160 
Mc, to 75 percent; at 175 Mc, to 68 per 
cent. Plate shows no color when the tube 
is operated at maximum CCS or ICAS 
ratings. 



AVERAGE CHARACTERISTICS 



TYPE 2E26 
Ef 6.3 VOLTS 
&RIO-NS 2 V0LTS«t60 




1-50 



g ^Nal VOLTS Ecia^AO: 
t30 



+ 20 



400 



JOO 200 300 
PLATE VOLTS 




VZCM-M3IT 



2X2A 



HALF-WAVE VACUUM 
RECTIFIER 

Heater-cathode typeusedin equip- 
ment subject to severe shock and vi- 
bration. Maximum peak inverse plate 
volts, 12500; maximum dc plate milli- 
amperes, 75. Requires Small four-icon- 




H.t( 



socket and may ba operated in any position, OtJTLiNB 26, Otti/ijfes Seetidn, 
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Technical Data 



Hbateb Voltage (AC) 2.6 . volts 

HsATER CuRBHNT 1.76 amperes 

HALF-WAVE REaiFIER 
Moximum Ratings, DevignrCmter Value»: 

Fb&e Imvebsb Plate Voltage 12600 maa volte 

Peak Plate CuivtENX , 60 max ma 

DC OUTTUT Cutrrbnt , 7.5 mox ma 

Hot-Switching Tba{4SiBnt Cukbbnt {or duration of 0.2 second max 100 max ma 

AMBIBNT T^EatPBRATUBE 70 DtOX "C 

Typical Operatiofi; ... 

AC Plate-Supply Voltage (rms) . 6600 volts 

Total Effectivf* Plate-Supply Impedance 0.8 megohm 

Filter Input ('apa<-itor 0.1 fti 

DC Output Cun-ent 2 ma 

DC Output Voltage. At input to filter 4500 volts 



POWER PENTODE 

Seven-pin miniature type having 
coated filament used as rf power am- 
plifier in light-weight, compact, port- 
able, low-power, battery-operated 
equipment. May be used at full input 
up to 10 Mc. Class C maximum CCS 
plate dissipation, 2 watts. 



FiLAMEST Akkascbment StrUt ParaUei 

Filament Voltage (dc) 2.8 1.4 volts 

Filament Curkbnt. . . 0.1 0.2 ampere 

TRAlffiGONDUCTANC^.- '. 2250 itiohm 

Plate RsstsTANCE (Approx.)* 8O0OO ohms 

Direct Interelectrode Capacitances: 

' Grid No.1 to plate 0.84 moa; - ^iftf 

GridNo.l to filament mid-tap, grid No,8, and grid No.2. . , 4.8 iifd 

Plate to filament mid-tap, grid No.3, and grid No.2 4.2 wtf 

^Plate-volts, 150; grid-No.2 volts, DO; grid-No.l volts, -8.4. 

RF POWER AMPLIFIER— Cla« C 
Maximum CCS Ratings, Design-Center Values: 

DC Plate Voltage 160 max volts 

DC Grid-No.2 Voltage , 185 max volts 

DC GRri>-No.l Voltage -^0 max volta 

DC Plate <Jukri;n't zO max ma 

DC Grid-No.1 Current 0.26 max - ma 

Total DC Cathode Cubsbmt* 25 max ma 

PLATii In-put ., S max watts 

GRiD-No.2 Input 0,9-))ioa; watt 

Plate I)iSHii'ATiu>J , 2 max watts 

Typical Operation at 10 Mc (with Piiralkl Filament ArrangemeTit) : 

DC Plate Voltage 160 vxdts 

DC Grid-No.2 Voltage 186 T(^ts 

Grid-No.l Resistor. 0.2 meeohm 

DC Plate Current 18.8 ma 

DC Grid-No.2 Current 6.6 ma 

DC Grid-No.l Current.' 0.18 ma 

Power. Output (Approx.) 1.2 watts 

" For each 1.4-volt filament section. 



OPERATING CONSIDERATIONS 

Type 3A4 requires miniature seven-cpntact socket and may be operated in any 
position. Outline 5, Outlims Section 

The filament power supply may be obtfuned from dry-cell batteries, from 
^rage batteries, or from a powec line. With dry-©ell battery supply, the.filament 
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may be connected either directly across a battery rated at a terminal potential of 
1.5 volts, or in series with the filaments of similar tubes across a power supply con- 
sisting of dry cells in series. In any case, the voltage across each 1.4-volt section of 
filament should not exceed 1.6 volts. 

With power-line or storage-battery supply, the filament may be operated in 
series with the filaments of other tubes of the same filament-current rating. For such 
operation, design adjustments should be made so that, with tubes of rated charac- 
teristics operating with all electrode voltages applied and on a normal line voltage 
of 117 volts or on a normal storage-battery voltage of 2.0 volts per cell (without a 
charger) or 2.2 volts per cell (with a charger), the voltage drop across each 1.4-volt 
section of filament will be maintained within a range of 1.25 to 1.4 volts with a 
center of 1.3 volts. 

For series operation of the sections, a shunting resistor must be connected 
across the section between pins 1 and 5 to bypass any cathode current in this sec- 
tion which is in excess of the rated maximum per section. When other tubes in a 
series-filament arrangement contribute to the filament current of the 3A4, an addir 
tional shunting resistor may be required across the entire filament (pins 1 and 7). 

For series-filament arrangement, filament voltage is applied between pins 1 and 7. 
For parallel-filament arrangement, filament voltage is applied between pin 5 and 
pins 1 and 7 connected together. In series-filament arrangement, the grid-No.l 
voltage is referred to pin 1. In parallel-filament arrangement, the grid-No.l voltage 
is referred to pin 6. 

Plate of the 3A4 shows no color when the tube is operated at maximitm CCS 
ratings. 

MEDIUM-MU TWIN TRIODE 

Seven-pin miniature type having 
Q A E coated filament used as rf power ampli- 

w fier and oscillator in light-weight, com- 

pact, portable, low-power, battery- 
operated equipment. May be used at 
full input up to 40 Mc. Class C Telegraphy maximum CCS plate dissipation (each 
unit), 1 watt. Requires miniature seven-contact socket and may be operated in any 
position. Outline 5, OulUncs Section. For filament considerations, refer to type 
3A4, noting that for type 3A5 pin 4 is the filament mid-tap. Plates of the 3A5 show 
no color when the tube is operated at CCS ratings. 

Filament Arrangement Series Poroltel 

Filament Voltage (do) 2.8 XA 

Filament Cubrbnt 0.11 0.22 

TransconductancS* 1800 

Aupupigation Factob* 15 

Platb Bbsistangb (Approx.)* 8800 

Direct Inthrelexttrodb Capacitances (Each unit): 

Grid to plate 3 ,2 

Grid to filament mid-tap 0.9 

Plate to filament mid-tap 1.0 

Hate to plate 0.32 

*^te Tolts, 90; crid volts, -2.6; plate miUiampera^ 8.7. 

RF POWER AMPLIHER AND OSCILLATOR— Class C Telegropliy 

and 

RF POWER AMPUFIER— Class C FM Telephony 





Maximum CCS RaWngs, DesignrCenter Valaea for eadi unit! 

DC Plate Voltage T 

DC Gbid Voltage 

DC Plate Current 

DC Grid Current 

Plate Input 

PluMn Gm^^^^r ^ • > - 



135 viax 
-30 max 
15 max 
2 . 5 max 
2 max 
1 max 



volts 
volte 
ma 
ma 
watts 
watt 
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Typical Push-Pull Op«ration {Valuezto'efbr both units)! 

DC Plate Voltage * 

DC Grid Voltage* 

From grid reaiator of .'. 

From cathode resistor of >. 

Peak RF Grid-to-Grid Voltage. 

DC Plate -Current ■ 

DC Grid Current (Approx.) '. 

Driving Power (Approx.) 

Power Output (Approx.) 

• Obtained by fixed supply, by grid resbtor, by cathode reaietor, or by combination methods. 



186 


volts 


-20 


volts 


4000 


ohms 


570 


ohms 


90 


volts 


80 


ma 


S 


ma 


0.2 


watt 


2 


watts 




3B25 



HALF-WAVE GAS RECTIFIER 

Xenon-filled rectifier of the coated- 

filament type. May be used in equip- 
ment subject to wide range of ambient 
temperature (-75'' to +90°C). Maxi- 
mum peak inverse anode volts, 4500; 
ma»mum average anode amperes, O.5.- ^t-equlres Small four-contact socket and 
may be operated in any position. Outline 39, OwUines Section. 

FiLAUENT VOI.TAGB f AC)° ■ 2.6 VOltS 

Filament Cukrent ' 6.0 ' amperes 

PBAE Tube Voltage Drop (Approx.) ' 10 volts 

" Fflament voltage must be applied at l^uft 16 seconds beCote application of anode voltage. 

HAIF.WAVE RECTIFIER 

Maximum Ratingst 

, Peak Iiwebsb Akodb YoutAcm 4600 tnax rolta 

Anode Cusbbnt: 

Peak....- " 2.0 max amperes 

Average0 , . . . ; ^ •'• ^ - ° ampere 

Fault, for duration of 0.1 second maximum ..;....>. . 20 jtiax amperes 

FitEtjUBJNCY OP Pow£» Supply ' 500 max cps 

Ambibnt-Tbmperature Rangb -75 to +90 *C 

0 Averaged over any period of 30 seconds maximum. . 

Operating Values: " - 

Cimiit 

(For circuit figures^ refer to 



Rectifier ContiderationB 
Section) 



Half-Wave Sin^Phase 

Pull-Wave Single-Phase 

Series Single-Phase 

Half- Wave Three-Phaso 



ParaU^ Three-Phase 

Series Three-Phase 

Bidf-Wave Four-Phase 

Half-Wave Six-Phase 

* Reeistive Load 



Fig. 



57 
58 
59 
60 



61 
62 
68 
64 



IMax. Trana. 
Sec. Volts 
(RMS) 
E 



Approx. DC 
Output Volts 
To Filter 
Eav 



Mo*. DC 
Output 
Amperes 
lav 



Max. DC 
Output KW 
To Filter 
Pdo 



In-Phaje Operation 

3100 1400 

1500 1400 

3100 2900 

1800 2200 

Quadrature Operatfoii 

1800 2200 
1800 4300 
1600 2000 
1600 2200 



0.5 
1.0 
1.0 
1.6 



8.0 

1.5 
1.8* 2.0b 
1.9* 2.0b 



0.7 
1.4 
2.7 
3.3 



6.6 
6.4 
3.6* 4. Ob 
4* 4.4B 



■ Inductive Load 




HALF-WAVE GAS RECTIFIER 

Xenon-filled rectifier of the coated- 
filament type. May be used in equip- 
ment subject to wide range of ambient 
temperature (—75*" to -f-90"C). Rating 
I: maximiun peak inverse anode volts, 



3B28 
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10,000; maximum average anode amperes, 0.25. Rating II: maximum peak inverse 
anode volts, 5000; maximum average anode amperes, 0.5. Requires Small four-con- 
tact socket and may be operated in any position. Outline 36, Outlines Section. 

Filament Voltage (ac)° 2.5 volts 

Filament Cukkbnt , 5.0 amperes 

Peak Tube Voltage Drop (Approx.) 10 volts 

* Filament voltage must be applied at least 10 seconds before the application of anode voltage. 

HAIF-WAVE RECTIFIER 

Maximum Ratings: 

Peak Inybbse; Anode yoLTAGB 5000 max 10000 jnax volts 

Anode CmutBNT: 

Peak 2 max i max amperes 

AverageC 0.5 max 0 . 25 max ampere 

Fault, for duration of 0.1 second maximum , 20 max 20 max amperes 

FbequencY'OP Power Supply 500 max 150 max cps 

AHBnaNT-TaiuraRATUBE Range —76 to -|-90 —76 to +90 . "C 

0 Averaged over any period of 30 seconda maximum.- 



Operating Values: 

Cimi it 
(For circuit fisfurps, refer to 
Rectifier Cnn^ideratwns 
Section) 



Fig. 



Max. Trans. 
Sec. Volts 
{RMS) 
E 



Ajjprox. DC 
Oulpui Volts 
To Filter 
E&v 



Max. DC 
Output 
Amperes 
/av 



Max. DC 
Output KW 
To FiUer 
Pdo- 



In- Phase Operation 



Half- Wave Single-Phase , . 


57 


7000* 

3500* 


3200 
1600 


0.25 
0.5 


0.8 
0.8 


Full-Wuve Singlp-Pliase. . . 


58 


3500» 

1700* 


3200 
1600 


0.5 
1.0 


1.6 
1.6 




59 


7000* 
3500' 


6400 
3200 


0.5 
1.0 


3.2 
3.2 


Half-Wave Tfaree-Phase. . 


60 


4000* 

2000* 


4800 

2400 


0. 75 

1. ;5 


3.6 
8.6 






Quadrature Operation 








61 


4000* 
2000' 


4800 
2400 


1.5 
3.0 


7.2 
7.2 


Seriea Three-Phaae 


62 


4000* 

2000* 


9600 
4800 


0.75 

1.5 


7.2 

7,2 


Half-Wave Four-Phase 


63 


3500« 
1700* 


4S00 
2250 


0.9* 1.0" 
1.8* 2.0" 


4.0* 4.5" 
4.0* 4.5« 




64 


3500 • 
1700* 


4800 
2400 


0.95* 1.0" 
1.9* 2.0" 


4.5* 4.8" 
4.5* 4.&' 


* For maximum peak inverse anode voltage of 10000 volta. 

* For ma^dmum peak inverse anode voltage of 6000 volts. 




* Redstive load. 
■ Inductive load. 




TWIN POWER TRIODE 




4 J 



o/^oo Heater-cathode type containing 

oC*0*i two high-perveance units used as in- 

dustrial control amplifier and voltage ' 
regulator. Control Amplifier maximuin 
CCS plate dissipation (each unit), 15 
watts. Requires Septar seven-contact socket and may be operated in vertical posi- 
tion with base up or down, or in horizontal position with pins 2 and. .6 in horizontal 
plane. Outline 16, Outlines Section, Plates show no color when the tube is operated 
at maximum CCS ratings. 



RSSATKR VoLT,\GE (ac/DC) 

Heater Current 

Ampufication Factor (Each unit)*. 



12.6 
1.125 
11 



volts 
an^wes 
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Technical Data 



Direct iNTKRELECTRooa Capacitances (Each unit): 

Grid to plate 

Grid to cathode and heater 

Plate to cathode and heater 

* Grid volts, -200; plate milliamperen, 90. 

CONTROL AMPURER SERVICE 

Vaiu€8 are for each unit 



Maximum CCS Ratings: 

Peak Plate Voltage 

DC Grid Voltage 

Fbak Cathodb Corrbnt 

Av^AGB Plate Curbbnt 

AVEKAGB Grid Current 

PULiE Dissipation 

Pbak Hbater-Cathodb Voltage: 

Heater negative with respect to cathode. 

Heater positive with respect to cathode. 
Bulb Teuperaturb (At hottest point) .... 

Moximum Ciraiit Valuest 

Grid-Circuit Resistance: 

When grid potential is always negative. , 
When grid potential swings positive. . . . 



5.4 
7.8 
4.2 



b2000 max 
-ZOO tnoa; 
SOO max 
120 max 
7.5 max 
15 max 

100 max 
100 max 
250 max 



0.5 max 
0.03 max 



volts 
vol^ 
"ma 
ins 
ma 
watts 

volts 
volts 

•c 



megohm 
megotim 




TWIN BEAM POWER TUBE 

Glass-octal heater-cathode type used as 
push-pull rf power amplifier and oscillator in 
intermittent mobile-service applications. May OCOO 
be used with full input up to 15 Mc. Outline OCxZ 
24, Outlines Section. Heater volts (ac/dc), 
12.6 =ii 10% (series), 6.3 ± 10% (par^d); am- 
Iieres, 0.8 (series), 1.6 (parallel). Direct inters 
electrode capacitances (each unit) : grid No.l to 
plate, 0.22 max finU grid No.l to cathode, grid 
No.S, internal shield, grid No.2, and heater, 14 ^;if ; plate to cathode, grid No.3, internal shield, grid No.2, 
and heater, 8.5 wtt. Maximum IMS ratings as PUSH-PULL RP POWER AMPLIFIER AND OSCIL- 
LATOR, CLASS C TKLEGRAPHY (per tube): dc plate volts, 600 max; dc grid-No.2 volts, 225 max; 
.dcgrid-No.l volts, -175 max; dc plate milliamperes, 175 max; dc grid-No.l milliamperes, 11 max; plate 
input, 100 max watts; grid-No.2 input, 6 max watts; plate dissipation, 35 max watts; peak heater- 
cathode volta, * 100 /ii(fj;. Plates show no color when the tube is operated at maximum IMS ratings 
during the normal cycle of 15 seconds on, 1 minute off. The 8E22 is a DISCONTINUED type listed for 
reference only. 

TWIN BEAM POWER TUBE 

Heater-cathode type containing 
two high-perveance units used as rec- 3E29 
tangular-wave pulse modulator. Mod- 
ulator Service maximum CCS plate 

dissipation (per tube), 15 watts. Re- 
quires Septar seven-contact socket and may be operated in vertical position with 
base up or down, or in horizontal position with pins 2 and 6 in horizontal plane. 
OUTUNB 22, OuUinea Section. Plates show no color when the tube is operated at 
maximum COS ratings. 




Hkater Akrangbment 

Hbatkii Voltage (ac/dc) .'. 

Heater Current 

Transcomductance (Each unit, approx.)* 

Mu-Factob, Grid No.2 to Grid No.l (Each unit)** 

Direct Intbrblbctrodb Capacitances (Each unit): 

Grid No4 to |date (witii external ^idd) 

Grid No.l to eathiiMte, grid No.8, grid No.2, and heater mid- 
tap 

Plate to cathode, grid No.S. grid No.2, aiid heater mid-tap. 
" Should not deviate more than -f-10% or —6% from value shown. 
* ]nate volts, 260; grid-No.2 volts, 175; plate milliamperes, 60. 
** Flat&and grid-No.2 vtAta, 225; i^te miUiampOTeB, 60. 



Serie$ Parallel 
12.6" .6.8" 
1.125 2.26 
8500 



.0.12 mas 
14.0 
7.0 



volts 
amperes 
ftmhos 
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6000 mas 


TOlts 


6750 max 




850 max 


TOltS 


— 99R WAV 


TOl'tB 


-600 imu! 


yohs 


250 max 


volts 


0maa 


amperes 


3 . 5 max 


amperes 


4 )Mux 


amperes 


85 maa; 


watts 


3 max 


watts 


1 Tnox 


watt 


16 max 


vatts 


100 max 


TOltS 


100 max 


volts 



MODULATOR— Reef ongular- Wave Modulation 
Maximum CCS RaHngs: Values are for both units in -parallel 

For Duty Factor' between 0.0001 and 1.0 and Maximum 
Averaging Time of 1 200 Mierosectmda in Any Interval 

DC Plate-Supply Voltage' 

Instantaneous Plate Voltage 

DC GHn>-No.2 Supply Voltage* 

DC Gkid-No.1 Supply Voltage* 

Ijsbtantanbous Gbid-No.1 Voltage 

Pbak Positive Grid-No.1 VoltagB 

Peak Plate Current 

Peak Grid-No.2 CtJKBBNT 

Peak Gktd-Xo.I CubrbKT 

Platk Input 

GrtiD-Xo.2 Input 

Grid-Xo.I Incut 

Plate Dissipation 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

■ Duty factor ia defined as the ON time in microsficonda divided by 1200 microseconds. Fulae dura- 
tion ia deiined as the time interval between the two points on the pulse at which the instantaneous value 
is 70 per cent of the peak value. The peak value is defined as the maximum value o( a smooth curve 
through the average of the fluctuations over the top i>or1don of the .pulse. 

* For tube protectioQ, it is essential that sufficient dc resistance he used in the plate-supply circuit, 
the grid-No.2-8upply circuit, and the grid-No.l-supply circuit so that the short-circuit current is limited 

to 0,5 ampere in each circuit. 

0 For a duty factor between 0.0001 and 0.001, the rated peak plate current is 10 amperes maximum. For 
higher duty iactois, the peak plate cainrent muat be reduced. The rated peak plate current for a duty 
factor of 1.0 ia 0.8 ampere aj^rax. 

BEAM POWER TUBE 

Small, thoriated-tungsten-fila- 
i|i«^|^^E^ ment type used as af power amplifier 
and modulator and as rf power amplifier 
and oscillator. May be used with full 

input up to 1 50 Mc. Class C Telegraphy 
maximum CCS plate dissipation, 65 watts. Requires Septar seven-contact socket 
and may be operated in vertical position only, base up or down. Outline 23, Out- 
lities Section. Plate shows an orange-red color when the tube is operated at maxi- 
mum CCS ratings. 




Filament Voltage (ac/dc) 

FiLAMEiNT Current 

TRANSCONmiarANCB* 

Mu-F ACTOR, Grid No.2 to Grid No-l 

Direct Intebelectrode Capacitances: 

Grid No.l to plate 

Grid No.1 to filament and ^d No.2 

Plate to filament and grid No.2 

* Tcita, 600; grid-No.2 volts, 250; plate milHamperes, 125. 

PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 
Maximum CCS Ratings: 



6.0 
3.5 
4000 
6 

0.08 max 
7.5 
■2,« 



volts 
amperes 
fiiahoa 




DC Plate Voltage. 
DC Grid-No.2 Voltage 
DC Plate Current. . , . 

Grid-No.2 Intut , 

Plate Dissipation 



2500 max 
400 max 
120 max 
10 max 
45 max 



RF POWER AMPUFIER AND OSOUATOR— Clait C Teteflraphy 

and 

Maximum CCS Ratings* POWER AMPUFIER— Clan C FM Telephony 

DC Plate Voi^TAGB. 8000 max 

DC Gbii>-No.2 Voitaob 600 max 

DC Plate Cuhrbnt 160 max 

Gbid-No.2 Input , 10 max 

Plate DrasiPA'nOK. 06 max 



volts 
volta 
ma 
watts 
watts 



▼olta 

TOltl 

ma 
watts 
watta 
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BEAM POWER TUBE 

See type 6165/4-12SA. 



4-125A 




BEAM POWER TUBE 

Forced-air-cooled, thoriated- A 1QC A / 

tsrt tungsten-filament type used as af t^^rA/ 

* power amplifier and modulator and as f^OI 
rf power amplifier and oscillator. May *rl^X I 

r^t^ ^ be used with full input up to 30 Mc 

■with natural cooling, or 120 Mc with forced-air cooling and with reduced input 
up to 240 Mc. Class C Telegraphy maximum CCS plate dissipation, 125 watts. Re- 
quires Special Metal-Shell Giant five-contact socket and may be operated in verti- 
cal position only, base up or down. Outline 33, Outlines Section. Plate shows 
orange-red color when the tube is operated at maximum CCS ratings. 

Filament Voltage (ac/dc) 5.0 volts 

Filament Current 6.5 amperes 

Transconouctance* 2500 peahm 

MU-F actor, Grid No. 2 to Grid No. I 5.9 

Direct Imterei-ectbodk Capacitas'cek: 

Grid-No. 1 to plate (Base shell connected to ground) 0.05 mit 

Grid No.l to filament, grid No.2, and base shell 11 w»( 

Plate to filament, grid No.2, and base shell 3.2 itid 

FLATB-SEAI. TaUPEBATUBES: 

Continuous Service. 170 

Intermittent Service minutes On followed by 5 minutes Off 230 "C 

* Plate volts, 2500; grid-No.2 volts, 400; plate nulliamperes, 60. 

AF POWER AMPLIFIER AND MODULATOR— Class AB2 

Maximum CCS Ratings: 

DC Plate Voltage 3000 mox volts 

DC Grid-No.2 Voltaob 400 max volts 

Maximum-Signal DC Plate Current" 225 max ma 

Grid-No.2 Input" 20 max watts 

Plate Dissipation" 125 moa; watts 

Maximum Circuit Valuesi 

Giid-Ncl-Circuit Resistance 0.25 moa; megohm 

' Averaged over any audio-frequency cycle of sine-wave form. 

PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 

Maximum CCS Ratings: 

DC Plate Voltage 2500 moa; vcdts 

DC Gbid-No.2 Voltaob 400 max volts 

DC Gbii>-No.1 Voltaob , -^00 max volts 

DC Plate Cubrbht 200 max ma 

Grid-No.2 Input 20 max watts 

Gsid-No.1 Input 6 taax watts 

Fl&tb Dissipation 86 max watts 

RF POWER AMPLIFIER AND OSCILLATOR— Clost C Telegraphy 

and 

RF POWER AMPUFIER— Class C FM Telephony 

Maximum CCS Ratingst 

DC Plate Voltage - 3000 max volts 

DC GttiD-No.2 Voltage 400 max volts 

DC Grid-No-1 Voltage. -^600 max volts 

DC Plate Current ,. ■, 225 max ma 

Grid-No.2 Tnput , 20 max watts 

Grii>-No.1 Input 5 max watts 

^^am^mxPATiov 126 max wttta 



BEAM POWER TUBE 

See type 6166/4-260A. 



4-250A 
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4-250A/ 
5D22 




BEAM POWER TUBE 

Forced-air-cooled thoriated-tung- 

sten-filament type used as af power 
amplifier and modulator and as rf 
power amplifier and oscillator. May be 
used with full input up to 30 Mc with 
natural cooling, or 75 Mc with forced-air cooling and with reduced input up to 120 Mc. 
Class C Telegraphy maximum CCS plate dissipation, 250 watts. Requires Special 
Metal-Sheil Giant five-contact socket and may be operated in vertical position only, 
base up or down. Outline 40, Outlines Section. Plate shows an orange-red color 
when the tube is operated at maximum CCS ratings. 

Filament Voltage (ac/dc) 

Filament Current 

Transconductancb* 

Mu-Factob, Grid No.2 to Grid No.l 

Direct Inter electrode Capacitances: 

. Grid No.i to plate (Base sheli connected to ground) 

Grid No.l to filament, grid No.2, and base shell 

Plate to filament, grid No.2, and base shell 

Platb-Skal. TaupSRATURE, Continuous Service ^ . . . . 

* Plate T<dt8, 2600; grid-No^ volts. SOO; plate mflliamperes, 100. 



5.0 


volts 


14.5 


amperes 


4000 


Minhos 


S.l 




0.12 max 


Upt 


13 




4.6 




170 





AF POWER AMPUFIER AND MODUUTOR- 

Maximum CCS Ratings: 

DC Plate Voltage 

DC Ghid-No.2 Voltage 

Maximum-Signal DC Plati^ Cukkent" 

Gbiu-No.2 Input* 

^RiD-No.l Input* 

'-f^TB DiBSIFAnON* 



-Con AB 



4000 max 
600 max 
350 max 
85 max 
10 max 
250 nuu; 



PtATE-MODULATED HF POWER AMPLfflER— Clow CrTelephony 

Maximum CCS Ratings: 



DC Plate Voltage 

DC Gbid-No.2 Voltage. 
DC Gbid-No.1 Voltagb. 
DC Plate Current. . . . 

GRID-NO.Z Input 

GBn»-No.l Input 

Plate DissiPAnoN 



,3200 max 
600 max 
"^00 -max 
^6 max 

10 max ' 
165 max 



volts 
volta 
ma 
watts 
waMs 
watts 



vetts 



Maximum CCS Ratingsi 

PC Plate Voltage 

DC Grid-No.2 Voltage 
DC Gbio-No.1 Voltage 
DC Plate Current. . . . 

Grid-No.2 Input 

Grid-No.1 Input 

PLA'na Dissipation. . . . , 



RF POWER AMPUFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPUFIER— Class C FM Telephony 



4000 max 
600 mas 

-600 max 
350 max 

35 max 
10 mux 
250 max 



TeAts 
Mna 
watts 
watts 
wetts 



votts 
volts'' 
volta 
ma 

watts 
watta 
watts 



4^0A 



BEAM POWER TUBE 

Foreed-ai>cooled thoriated-tung- 
sten-filament type used as af power 
amplifier and modulator and as rf power 
amplifier and oscillator. May be used 
with full input up to 110 Mc. Class C 
Telegraphy maximum CCS plate dissipation, 400 watts. Requires Special Metal- 
Shell Giant five-contact socket and may be operated in vertical positiQ^..Qniy» base 
up or down. OUTLINE 40, Outlines Section. 




no 



Technical Data 



FiLAMBNT Voltage 6.0 

FitAMENT CUKftBNT 14.6 

Tbansconductancb* 

Mu-Factob, Grid No.2 to Grid Mo.l ; 6.1 

DiBECT IKTBRBLBCTBODE CAPACITANCES: 

Grid No.1 to plate 0.12 max 

Grid No.l to filament, grid No.2, and base ahell 13 

Plate to filament, grid No.2, and base shell : ; - 4.6 

Base Seal Tbmperatuke 200 max 

Plate Seal Temperature ■ ■ • 225 max 

♦ Plate volts, 2500; grid-No.2 volts, 500; plate milliamperes, 100. 

AF POWER AMPUFIER AND MODUUTOR— Class AB 

Maximum CCS Ratings: 

DC Plate Voltage 4000 max 

DC Grid-No.2 Voltage 800 n"** 

Maximum-Signal DC Plate Current" 850 max 

Grid-No.2 Input" 85 max 

Grid-No.1 Input" 10 

Plate Dissipation" • 400 max 

* Averaged over any audio-frequeticy cycle- of sine-wave form. 

PLATE-MODUUTED RF POWER AMPUFIER— Class C Telephony 
Maximum CCS Ratings: At frequencies up to 110 Me 

DC Plate Voltage «200 max 

DC Grid-No.2 Voltage 600 too* 

DC GRn>-No.l Voltage -600 

DC Plate Curbent 276 max 

Gbid-No.2 Input 85 max 

Gbij»-No.1 Input 10 max 

VhATa Dissipation 270 max 



volts 
amperes 



Hilt 

Hill 

"C 



volts 
volts 
ma 
.watt? 
watts 
watts 



volts 
volts 
volts 
nut 
watts 
watts 
watts 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings: , At frequenciez u.-p to 110 Me 

DC Plate Voltage 4000 max volts 

DC Grid-No.2 Voltage 600 jnoa; volts 

DC Grid-No.1 Voltagk -500 maa: .volts 

DC Plate Current Z&f^max - ma 

Gbid-No.2 Input 85 max watts 

Gbid-No.1 Input 10 moaj watts 

Plate Dissipation , 400 max. watts 




BEAM POWER TUBE 

Forced-air-cooled, thoriated-tungsten-fila- 
ment type used as af power amplifier and modu- 
lator and as rf power amplifier and oscillator at 
frequencies up to 110 Mc. Class C Telegraphy 
maximum CCS plate dissipation, 1000 watts. 
Requires Spedal ftve-eontact socket and may be 
operated in vertical pofdtion only, base up or 
down. Outline 62, Outline Section. Hate shows 
an erange-red color, when tube ia operated at 
maximum CCS ratings. The 4^1000A is used 
prindpaUy for renewal purposes. 



Filament Voltage (ac/dc) 

Filament Current 

TRANSCONDUeTANCE* - 

Mu-Factor, Grid No.2 to Grid No.l 

ISiRECT INTBBELECTRODB CAPACITANCEa: 

Grid No.l to plate (Base ahell connected to ground) 

Grid No.l to filament, grid No.2, and base shell 

Plate to filament, grid No.2, and base shell 

* Hatetvolts, 2500; grid No.2 Tolto, 500; pUte milliamperes, 800. 



4*1000A 



7.5 


volts 


21 


amperes 


lOOOO 




7 




0.26 




28 




8 
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PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 
Maximum CCS Rafings: Atfrequmeiet up to 110 Me 

DC Plate Voltage '. ' 5000 max volti 

DC Gni0-No.2 Voltagb 1000 max volte 

DC Plate Current 600 max ma 

Grid-No.2 iNfUT , 75 maa; watts 

Plate Dissipation ■. 670 max watts 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

■ and 

RF POWER AMPUFIER— Class C FM Telephony 

Maximum CCS Ratlngu Ai frtvuvneiea up io 110 Me 

DC Plate Voltage , , 6000 max 

:DC .GR!D-No.2 Voltaos 1000 max 

DO Plate Current 700 maa: 

GoRiD-No.2 Input 75 moac 

PbATM DlBUPATlttN 1000 max 



volta 
volts 
ma 
watts 
wstts 



POWER TRIODE 

Porced-air-cooled heater^cathode type used 

as Class C plate-pulsed oscillator. May be used 

with full input up tn 625 Mc. Maximum over-all 
4C33 length, 4-7/8 inches; maximum diameter, 2.062 

, ■ inches. Filament volts (ac/dc), 6.0; amjieres, 

9.1; starting current, 16 max amperes. Direct 

interelectrode capacitances: grid to plate, 13 

^/if ; grid to cathode, 34 fiiii; plate to cathode, 0.7 

niii. Ma.ximuni CCS ratings as Plate-Pulsed 
Oscillator — Class C: peak plate pulsi^ supply volts, 13000 max; peak grid-hias volts, -2000 mux; peak 
plate amperes from pulse supply, 30 max; peak rectified grid amperes, 4 max; dc plate miUiamperes, 30 
max; de grid milliamperes, 4 max; peak plate input, 390000 max watts; plate dissipation, 250 max watts; 
puke lenKt^. 5 mi»3akrowcoitds.iThe^G8& is alEUSW^^^I^IOED tjfpe listefd f or reference only. 




4CX250B 
4CX250F 



BEAM POWER TUBE 

See-type 7203/4CX260B. 

BEAM POWER TUBE 

See type 7204/4CX250F. 



4D21 



BEAM POWER TUBE 

See type 4-12SA/4D21. 



4i27/ 
8001 



BEAM POWER TUBE 




Thoriated-tungsten-filament type 

used as af power amplifier and modu- 
lator and as rf power amplifier and 
oscillator. May be used with full in- 
put up to 75 Mc. Class C Telegraphy 
maximum CCS plate dissipation, 75 watts. Requires Giant seven-contact socket 
and may be operated in vertical position only, base up or down. Outline 37, Out- 
lines Section. Plate shows an orange-red color when the tube is operated at maxi- 
fiM^CCS ratings. 

Filament Voltagb (ac/dc) ; : 

Filamb»it Cuubbnt 

Thanscohductamcb (For plate current of 7S mHUamperes) 

DiRBCT iNTBBmJOCTRODEt CAFMJITANCBIS: 

Grid to i^te (Base shell connected to ground) 

Grid No.l to flLament, Krid No.3, grid No.2, internal shield, and base ah^. . . 

Hate to fiUnmit, grid No.S. grid No^, intenud diield, and base ididU 



5.0 


voits 


7.5 


amperes 


2800 


f«mhoB 


0.06 


' Mr 


11 




4.6 
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RF POWER AMPLIFIER AND OSCILUTOR— Class C Telegraphy 

and 

RF POWER AMPUFIER— Class C FM Telephony 



Maximum CCS RaKngsi 

DC Plate Voltage 

DC Gbid-No.2 Voltage , 
DC Gbio-No.1 V<h.taob . 
DC Flats Cubbbnt. . . . 

DC GltID-NO.2 ClfflBBNT. 

DC Grid-No.1 Curbbht. 

Plate Input 

Grid-No.2 Input 

Plate DissirATioN 



40Q0 max 


volts 


- 760 max 


TOltS 


-SOO max 


TOltS 


ISO max 


ma 


30 max 


ma 


25 max 


ma 


300 max 


watts 


25 max 


watts 


75 max 


watts 




BEAM POWER TUBE 



4E27A/ 
5-125B 



Thoriated-tungsten-filament type 
used as af power amplifier and modu- 
lator and as rf power amplifier and 
oscillator. May be used at full input 
up to 75 Mc. Class C Telegraphy max- 
imum CCS plate dissipation, 125 watts. Requires Giant seven-contact socket and 
may be operated in vertical position only, base up or down. Outline 38, Outlines 
Section. Plate shows a cherry-red color when the tube is operated at maximum CCS 
ratings. 

Filament Voltage (ac/do) 5.0 volts 

Pilahent Current • '-5 amperes 

Transconductance* 2500 /(mhos 

Mu-Factob> Grid No.2 to Grid No.l 6 

DntBCT Intbrelbctrodb Capacitances: 

Grid No.l to plate (Base shell connected to ground) 0.08 max wif 

Grid No.l to Glament, grid No.3. grid No.2, and base shell 11 iftf 

Plate to filament, grid No.3, grid No.2, and base shell 4.8 itiiH 

Seal Tempebaturb 225 max "C 

•Plate volts, 2500; grid-No4! volts, 500; grifl-No.3 volts, 0; plate milliamperaii BO. ' 

RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 



Maximum CCS Ratingst 

DC Plate Voltage 

DC Grid-No. 3 Voltage 
DC GRI0-NO.2 Voltage . 
DC Grid-No.I Voltage 
DC Pi«ME Current. . . . 

Gbid-No.8 Input 

Grid-N.6.2 Input 

GBI&-N0.1 Input 

Plate Dissipation 



4000 max 
75 max 
750 max 
-500 max 
200 max 
20 max 
20 max 
S max 
125 max 



volts 
volts 
volts 
volts 
ma 
watts 
watts 
watts 
watts 




BEAM POWER TUBE 



F6rced-air><o6led heater-cathode types hav- 
ing integral plate radiatore used aa af power am- j v i c /\ A 
plifiers and modulators and as rf power ampli- 4/Cl SOA 
fiers a^d oscillators. May be used with full in- 
put up to 600 Me. Mazimuia over-all length, 4X1 SOD 
2-15/82 Inches; maximum diameter, 1.685 -x«s»*w»f 
inches. Type 4X150A heater volts (ac/dc), 6; " 
amperes, 2.6. Type 4Xi50D heater volts (ac/dc), 
26.5; amperes, 0.58. Direct interelectrode capac- 
itances: grid No.l to plate, 0.02 ji/if; grid No.2 to cathode, grid No.2, and heater, 16 fiiil; plate to cath- 
ode, grid No.2, and heater, 4.2 n^L Maximum CCS ratings aa RF POWER AMPLIFIER AND OS- 
CILLATOR— Class C Telegraphy: dc plate voltage, 1250 max; dc grid-No.2 voltage, 300 max; dc grid- 
No. 1 voltage, -250 max; dc plate milUamperes, 250 max; grid-No.2 input, 12 max watts; grid-No.l in- 
put, 2 max watts; plate dissipation, 150 max watts. The 4X150A and 4X150D are DISCONTINUED 
types listed for reference only; aa replacements, the 7034/4X150A and 7035/4X150D, respectively, are 
directly interchangeable. 
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RCA-Trunsmitting Tubes 



BEAM POWER TUBE 

Forced-air-cooled type having in- ^ 

- _ m tegral plate radiator and thoriated- 
i!|i^^300/V tungsten filament used as rf power am- , , 

plifier and oscillator. May be used with f 
full input up to 120 Mc. Class C Teleg- (c 
raphy maximum CCS plate dissipa- 
tion, 500 watts. May be operated in 
vertical position only, base up or down. Ovtunb 90, OuUines Section. 

Min. AvQ. Max. 

i-'iLAMENT Voltage (ac/dc) - 5.0 - 

Filament Cukrbnt 12.2 - 18.7 

transconductancbf* 5200 

Mo^Factob, Grid Np.2 to Grid No.1 4.6 - fi.6 

DatKCT INTBBBLBCTRODB CAPACTTANCBB: 

- Grid No.l to plate - - 0.1 

Grid No.l to filament and grid No,2 ^ 10.6 - 14.4 

Plato to filament and grid No.2 4.9 - 6.9 

Radiator-Gorh Temperature .150 

Glass-Mktal Seals Tbmperatukm 150 

* Plate v<^t8, 2600; grid-No.2 volts, 500; plate milliamperea, 200. 




volts 
amperes 
Mmhos 



Hid 
Hid 
"G 
•C 



RF POWER AMPLIRER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings: 

DC Platu Voltage 4000 max volts 

DC Grid-No.2 Voltage 500 max volts 

DC Gbid-No.1 Voltage -500 max volts 

DC Plate Cubrbnt — . 350 .wiae ma 

Grid-N 0.2 Input Sd max -watts 

Gbid-No.1 IiffUT iOimw vatts 

Plate Dishpation 600 max watts 



5-125B 



BEAM POWER TUBE 

See type 4E27A/5-125B. 



5D22 



BEAM POWER TUBE 

See type 4-250A/5D22. 




FULL-WAVE VACUUM 

RECTIFIER "(t 

r*w% A W Coated-filament type used in pow- 

5.|\4GT er supply of transmitting and indus- 
trial equipment. Rated for a maximum ,t 2 
peak inverse plate voltage of 2800 volts ( 1 ) ■ ( a 

and maximum peak plate current of 
650 milliamperes at altitudes up to 20,000 feet, it may be used at altitudes up to 
40,000 feet with reduced plate voltages. Requires Octal socket and may be operated 
in vertfcal. position, base up or down, or in horizontal position with pins 1 and 4 in 
vertical plane. Outline 31, Ov^ines Section. 

FILAUBNT VOLTAGB (AC/DC) 6 VoltS 

Filament Cukubnt 2 amperes 

TUBB Voltaos DR<ff (Approx.) : 

M«amtred with applied dc at 250 nuUiamperes per plate 67 volts 
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Moximum Ratings, De^gvrCenter Values; 

PaAK INVBBSB PUIB VOLTAOB (No load) . . . 

Peak Plate Cukrknt (Per plate) 

DC OvTPm Cubbbnt: 



FULL- WAVE REaiFIER 

For AUOudes for AUitttdn 

up to iOOOO Feet up to £0000 Feet 

2100 max 2400 max 2800 max 

660 mtee 660 max 660 •max 



Tolta 
mft 



Typical Operation with Capacitor-Input FiHWt 

RMS Plate-to-Plate Supply Voltage: 



Filter Input Capacitor 

Total Effective Plate-Supply Impedance (Per plate) * 

DC Output Current 

DC Output Voltage at Input to Filter (Approx.): 

At Half Load 

At Pull Load 

Vtdtacer B^pilation, Half-Load to Full-Load Current 

(Approx.) 

Typical Operation with Choke-Input FIIt4n^ " 
RMS Plate-to-PUte Supply Voltage: 

Full Load 

No Load 

Filter Input Choke 

DC Output Current 

DC Output Volti«e at Input to Filter (Api»<a.): 

At Half Load 

AtFuULoad.; "-. 

Vidtage Resulation; Half-Load, to Full-Load Current 

(Appxox.) 

* For chi^a not less than 6 henries. 

* For choke not less than 10 henries. 

* Indicated values for conditions shown will limit peak plate current to maximum rated value. When a 
fllter^inpnt capacitor larger than 4 micKoiacads is used, it may be neoeasary to use more plate-supply 
iinpedtbeft-than value shown to limit the peak,plate current to the rated mdue. 

FULL-WAVE VACUUM 
RECTIFIER 

Coated-filament type used in pow- 
er supply of traosmittiug and indus- 
trialeqxtipinient. Rated for a maximum 
peak inverse plate voltage of 3100 volts 
and. maximum peak plate current of 
715 milliamperes at altitudes up to 20,000 feet, it may be used at altitudes up to 
40,000 feet with reduced plate voltages. Requires Octal socket and may be operated 
in vertical position, base up or down, or in horizontal position with pins 2 and 4 in 
vertical plane. Outline 20, Owiiines Section. 



" OKA nutfK 


' '1 7fi ^rtUiM 


160 mast 


ma 


250 max 


260* maa; 


175* hhm 


ma 


1400 


1500 


1800 


volts 


1500 


1700 


2000 


volts 


. 4 


. 4 


4 




125 


600 


575 


ohma 




ISO 

XvV 


IRQ 




790 


900 


1060 


volts 


f UV 


sin 


ASA 




90 


90 


110 


V6lt8 




1600 


1900 


volts 




1700 


2000 


TOltS: 




S 


10 


henries 




260 


176 


ma 




690 


810 


volts 




660 


760 


volta 




40 


60 


.volts 




5R4GYB 



FlLAMfttn VGUCAQB (AC/DC)" 
FILAHBNT CinmBHT 



HALF-WAVE RECTIFIER 

Maximum Ratings* For aititudes up to: UOOOO 

Peak Inverse Plate Voltage 2660 max 

AC Plate Supply Voltage (Per plate, rma, without load) . . . 

p£AK FLATS) CUBEBNT (Per plate) 715 max 

DC Output Cubkbnt (Pep plate) . . .-. 

HOT-SwwcHiij(^TKAtraiBNT Platb Corbbkt (Per plated ..... ■ 
Bulb Tbhfbbatubb (At hottest point) 280 max 

Typical Operation with Capadtor-lnput Rltari 

For aUitudea up to: AOOOO 
AC Piate-to-Plate Supply Voltage (rma, .vithdut load) 1400 1500 

FUter-Input Capacitor 20 20 

^^al Effective Plate Supply Impedance (Per pl6te)* . ■ 226 260 ■ 



5 voltjt 
2 amperes 

ItOOOO feet 

8100 max volts 

See Bating Chart I 

715 .maq!. . ma 

See Rating Chart I 
■ 

280mffiB "C 



soooo 

2000 
20 
876 



volta- 
Ohina 
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RCA Transmitting Tubes 



DC Output Voltage at Input to Filter ( Apprux.) : 

At Half Load, ma=75 

At Half Load, nia=125 

At Full Load, ma=150 

At Full Load, ma = 250 

Voltage Regulation, Half-Load to FuU-Load Current, 

„^ CAroroxO 

DC Output Cutrent 



750 

605 

U& 
250 



910 
800 



110 

150 



1210 
1040 



170 

150 



volts 
volts 
volts 

V(dtB 

vrits 
ma 



Typical Oparation with Choka-lnput Filter: 

For altitudes up to: UOOOO 20000 feet 

AC Hate-to-Plat« Supply Voltage (rma, without load) 1500 1900 volts 

Filter-Input Choke 5 10 henries 

DC Output Voltage at Input to Filter (Approx.): 

For dc output; 

ma=87.5 - 800 volts 

ma— 126 600 ■— volts 

ma=175 - 760 voita 

ma = 250 560 - volts 

Voltage Regulation, Half-I/oad to Full-Load Current, (Approx.) 40 40 volts 

DC Output Current 250 175 ma 

° See accompanying chart for operating conditions requlrlns^ delay in application of plate voltage Until 

filament has reached operating temperature. 

■ If hot-switching is required in operation, choke-input circuits are recommended. Such circuits limit 
the hot-switching current to a value no higher than that of the peak plate current. When capacitor- 
input circuits are used, a maximum value of 8 amperes should not be exceeded. 

* Indicated values for conditionfl shown will limit peak plate current to maximum rated value. When 
a filter-input capacitor larger than 20 microfarads is used, it may be necessary to use more- idate-wbpply 
impedance tiian the value shown to limit the peak plate current to the rated -ralue. 

RATING CHART I 



F. 160 



120 



80 



40 



TYPE 5R4GYB 
Pi."; uni T<; ar 










1 












MAX 

l_ L 


>MUM OPE RATI 
'ALUES WITH: 
JKE-INPUT FILTE 
PACITOR-iNPUT 


NG 






-CHC 
rCA 


R 

FILT 


ER 




MAX/MUM VOLTAGE 


F 




JP T 
-A' 


0 20000 FEET- 
40000 FEET> 




■ a"; 






— tj 


E 




C 
































\ 




















D 






















































G 







OPERATING AREAS FOR 
SIMULTANEOUS AND DEUVIf^D 
APPUCATION OF PLATE VOLTAfSE 



Z 300 



200 



100 



TYPE 5R4GYS 

FULL-WAVE RECTIFIER SERVICE WITH 
CAPACITOH-INPUT FILTER. 

AREA I - FILAMENT AND PLATE VOLT- 
AGE MAYBE APPLIED SIMULTANEOUSLY. 

AREA I - FnJVMENT SHOULD BE ALLOW- 
ED TO REACH OPERATING TEMPER- 
ATURE BEFORE PLATE VOLTAGE IS 
APPLIED, FOR AVERAGE CONDITIONS, 
THE DELAY IS APPROXIMATELY 10 
SECONDS. 




200 400 600 800 1000 1200 
AC VOLTS PER PLATE IRMS) 

ncSTlHMT 



400 800 1200 
AC PLATE SUPPLY VOLTS (RMS) 
PER PLATE (WITHOUT LOAD) 

92CM-9943T1 

POWER TRIODE 

Forced-air-cooled type having integral ra- 
diator used a9 af power amplifier and modula- 
tor and as rf power amplifier and oscillator at 
frequencies up to 160 Mc. Maximum over-all 
length, 8-28/32 inches; maximum diameter, 1- 
^ 29/82 inches. Filament volts (ac/dc), 11.0; am- 

peres, 12.1; starting cumait, 24 max amperes. 
Direct interelectrode capadtances; grid to plate, 
4.4 tint; grid to filament, 4.6 p^tV, plate to fila- 
matlt, 3.2 M- Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate 
volts, 3000 max; dc grid volts, -500 max; dc plate milUamperes, 500 max; dc grid railliamperes, 150 max; 
plate input, 1500 max watts; plate dissipation 600 max watts. The fiC2 t is a DISCONTINUED type^ 
listed for reference only. As a replacement, the 57S6 ia a similar type although not directly interchange- 



6C24 
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Technical Data 




^--^ POWER TRIODE 

l5)c Acorn type having heater-cuthode ^ C jI 

used as rf power ampilfier and oscilla- Or4 
tor at frequencies up to 1200 Mc. Class 
" ^ " C Telegraphy maximum plate dissipa- 

viEwED TFOM SHORT END tion (design-center value), 2 watts. 
Requires Acorn radial 7-contact socket and may be operated in any position. OUT^ 
LINE 1, Outlines Section. Plate shows no color when tube is operated at manmum 
CCS ratings. 

Heater Voltage (ac/dc) 6.3 volts 

Heater Current ;.. 0.226 ampere 

Transconductancb* 5800 >imhoB 

Amplification Factor* , 17 

Plate KBSI3TANCE (Approx.)* 2900 ohma 

Direct Intbrelectbodb. Capaqitancbs:- 

Grid to plate 1.8 ft^t 

Grid to cathode and liaater , J ,. 1.9 fi^t 

Plate to cathode and heater ~. 0.6 tifil 

^.Plat^«upiAy Tolts, 80; cathode resistor, 160 ohms; plate nuliiamperes, 18. 

RF POWER AMPLIFIER AND OSCILUTOR— Clasi C T«l«graphy 

RF POWER AMPUFIER^aass C FM Tel*pbony 

MaximuQ) CCS Ratings, DesUju-CenUr Values: 

DC Plate VOLTAtjB. -. ! 160 max r*At» 

DC Plate Supply Voltage 800 ntax voHa 

DC Grid Voltage -50 max \o\ta 

DC Plate Current 20 vtax ma 

DC Grid Current 8 max ma 

Plate Dissipation 2 max watts 

Peak Heater-Cathode Voltage: ' . 

Heater niegative with respect to cathode J 1 , 80 max volts 

! H^ter positive with respect to cathode 80 nub volti 




POWER TRIODE 

Thoriated-tungaten-lilament type used as 
if power amplifier and oscillator. May be used 
with full input up to 8 Mc Requires Small four- 
coiitBCrt ^cket and may be mounted in vertical 1 Q V 

position oEtly, base down. Outline 82, OutKnet ■ v i 

Section. Ffiament volts (ac/de), 7.5; amperes, 
) 1.25. Direct interelectrode capacitances; grid to 
plate, ? lifit; grid ti> filament, 4 nnl; plate to fila- 
ment, 3 fini. Maximum CCS ratings as RF 
POWER AMPLIFIER AND OSCILLATOR, CLASS C T ELj;:GRAPHY: dc plate volts, 450 «iaa!; 
dc grid volts, -200 max; dc plate milliaraperes, KO max; dc grid milliamperea, 15 7nax; plate input, 27 max 
watts; plate dissipation, 15 viax watts. Plate shows no color when tube is operated at maximum CCS 
ratings. The lOY is a DISCONTINUED type listed ioi reference only. The 801 A is a direct replacement 

FULL-WAVE MERCURY- 
VAPOR RECTIFIER 




83 



Coated'filament, glass type used 
to supply dc power of uniform voltage 
to receivers in which the rectified cur- 
rent requirements are subject to con- 
siderable variation. Tube requires four- 
contact socket and should be operated in vertical position with base down. Out- 
line i32. Outlines Section. Maximum peak inverse plate volts, 1550; maximimi peak 
|Me m^eres: ^er plate), 1. 
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RCA Transmitting Tubes 



Filament Voltage (ao)* 5 volts 

Filament Curbbnt 3 amperea 

Tube Vovckoa Deop (Approx.) IB volta 

FULL-WAVE RECTIFIER 
Maximum Ratings, (Dtngn-Cmter Valuea): 

Peak Inveeisb Plate Voltaqb , 1550 max votts 

Peak Plate Cubrent (Per plate) 1 max ampere 

DC Output Curbbnt 225 max ma 

COMDEHSEIKMERCmtY TBHPBRATUBB RaNQB 20 to 60 *C 

Typical Operation (With Capacitor-Input FlUer): 

AC Plate-to-P!ate Supply Voltage (rma) 900 volts 

Minimum Total Effective Plate-Supply Impedance (Per Plate)t 50 ohms 

DC Output Current ■ 225 ma 

Typical Operation (With Choke-Input Filter): 

AC Plate-to-Plate Supply Voltage (rma) 1100 volts 

Minimum Filter-Input Choke 3 henries 

DC Output Current 225 ma 

t When a filter-input capacitor larger than id ixi is used, it may be necessary to use more plate-3upply 

impedance than the minimum value shown to limit the peak piate current to the rated value. 

** Plate voltage should not be applied until the filament haa reached normal operating temperature. 



POWER TRIODE 

Thoriated-tungsten- filament type used as 

af power amplifier and modulator and rf power 

amplifier and oscillator. May be used with full 

input up to 15 Mc and with reduced input up 
XwwA\ to 80 JjIc. Requires Jumbo four-contact socket 

and may be mounted in vertical position only, 

base down. Maximum over-all length, 7-7/8 

inches; maximum diameter, 2-5/16 inches. Fila- 
ment volts (ac/de), 10; amperes, 3.25. Direct 
interelectrode capacitances: grid to plate, 14 nfif; grid to filament, 5.7 ^ijif; plate to filament, 4.4 fini. 
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOH, Class C_ Telegraphy: dc 
plate volta, 1250 max: dc grid volts, -400 max; dc plate milliamperea, 175 7nax; dc grid milliaraperes, 
60 max; plate input, 200 max watts; plate diaaipation, 100 max watts. Plate shows no color when 
tube 13 operated at majumum CCS ratings. The 203A is a DISCONTINUED type listed for reference 
Mly. Aj a replacement, the 8006 is a ain^tf type alUioufl^ not directdy intertdiKQce&ble. 




POWER TRIODE 

Thoriated-tungsten-filament type used as 
af power amplifier and modulator and aa rf 
power amplifier and oscillBtor. May be used 
OQAA input up to 3 Mc and irith reduced inV' 

XW*TA\ 30 Requires specifd end-mounting 

and may be mounted in vertical position with 
filament end up, or in horizontal position with 
plane of plate in vertical plane. Maximum over- 
all length, 145^ inches; maximum diameter, 
4-1/16 inches. Filament volts (ac/dc), 11; amperes, 3.85. Direct interelectrode capacitances: grid to 
plate, 15 MJjf ; grid to filament, 12.5 puf; plate to filament, 2.3 iifil. Maximum CCS ratings aa RF POWER 
AMPLIFIER AND OSCILLATOR, Class C Telegraphy: dc plate volts, 2500 maa-; dc grid volta, -500 
max: dc plate milliamperes, 275 viax;dc grid milliamperes, 80 inox; rf grid amperes, iO max; plate input, 
690 max watts; plate dissipation, 250 max watts. Plate shows a barely perceptible red color when tube is 
operated at maximum CCS ratings. The 204A is a DISCONTINUED type listed for reference only. 




211 



POWER TRIODE 

Thoriated-txuigaten-Qlament type used as 
af power amplifier and modulator and as rf 
power amplifier and osdllator. May be used 
with full input up to 16 Mc and with reduced in- 
put up to 80 Mc. Requires Jumbo four-contact 
socket and may be mounted in vertical position, 
base down, or in horizontal position with pins 1 
and S in vertical plane. Outline 52, Outlines 
Section. FQament volts (ac/dc), 10; amperes. 
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3.25. Direct interelectrode capacitances : grid to plato, 14 fitit; grid to filament, 5.4 ^i/if; plate to filament, 
4. 8 /.^f. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR, Clasa C Teleg- 
raphy: dc plate volts, 1250 max; dc grid volts, -400 max; dc plate milliamperes, 175 Jiiax; dc grid milli- 
amperes, 50 max; plate input, 220 max watts; plate dissipation, 100 max watta. Plate shows a barely 
perceptible red color when tube is operated at maximum CCS ratings. The 211 ia a DISCONTINUED 
type listed for reference only. 



HALF-WAVE VACUUM 
RECTIFIER 

Thoriated-tungsten-filament type used in 
power supply of transmitting and industrial 2l7C 
equipment. Requires Jumbo four-con lact socket 
and may be mounted in vertical position, base 
down, or in horizontal position with pins 1 and 
3 in vertical plane. Outline 5:1, Oi-tlim-K Sec- 
tion. Filament volts (ac), 10; amperes, 3.25. 
Maximum raling.s; peak inverse plate volts, 7500 max; peak plate amperes, 0,6 max; average platf 
amperes, 0.15 mux. The 217C is a DISCONTINUED type listed for reference only. As a replacement, 
tiie 886 is a similar type although not directly interchangeable. 





HALF-WAVE MERCURY- 
rr-. ^^.c VAPOR RECTIFIER 

Coated-filament type used in pow- CT C A 

er supply of transmitting and indus- 0/ D/\ 
trial equipment. Maximum peak in- 
NcVj^'^*— -"'^iJr verse anode volts, 15000; maximum 
average anode amperes, 1.5. Requires 
Jumbo four-contact socket and may be operated in vertical position only, base down. 
Outline 65, Outlines Section. 

Filament Voltage (ac)" 5.0 volts 

FiLAWSNT CUBKBNT 10.0 amperes 

Psuuc-Tima yoa-TAGE Drop (Approx.) 10 v<At* 

^J^3bBEl^t 4^itie& inUBt be applied at least 30 sec-ondB before application of anode ToltaKe. 

HAIF-V/AVE RECTtPIER-ln-Pha« Operation 
Maximum Ratlngsi ^o' snpph/ frequenev of 80 epa 

Peak Inverse Anode YcHjTAQE 10000 max 15000 max volts 

Anode Current: 

Peak 7 max 6 max amperes 

Aversge0 1 . 75 max 1 , 6 nuix amiieres 

Fault, for duration of 0.1 second maximum 100 max 100 fluUE umparee 

CONDBNaED-M&BCURY-TEMPERATURis Range 20 to 60 20 to 60 

HALF-WAVE RECTIFIER— Qua dratur« Operation 
Maximum Ratingsi For'^ipplii frequencv of $0 eja 

Peak Inverse Anode Vot/rAQS.". lOOOO max 16000 max volts 

Anode Cubbhnt: 

Peak. . . .' 10 max 10 max amperes 

Average0 2.5 max 2,6 max amperes 

Fault, for duration of 0.1 second maximum 100 max 100 max amperes 

COHpBNSBD-MBItCURY-TBMFBRATUBB RANGE 20 tO 60 20 tO 60 

0 Averaged over any fnterrsd of 20 seconds maximum. 




FULL-WAVE GAS AND 
MERCURY-VAPOR RECTIFIER 

Coated-filament type used in in- 
dustrial equipment. Maximum peak in- 
verse anode volts, 900; average anode 
amperes, 2.5. Requires Super-Jumbo 
four-contact socket and may be oper- 
ated in vertical position only, base 
down. Outline 50, OuUines Section. 



604/7014 
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RCA Transmitting Tubes 



Filament Voltage" 2.5 volts 

Filament Cukkent 11.6 amperes 

PSAK TuBK Voltage Drop (Approx.) 10 volts 

* Filament voltage must be applied at least 15 seconds b^ore application of anode voltage. 

FULL- WAVE RECTIFIER 

Maximum Ratingsi 

Peak XifVERsE Anodb Voltage 900 mtat volts 

Anode Cubbent: 

Peak 10 max amperes 

A verage0 2.5 max amperes 

Fault. 160 mox amperes 

CONi>Bt«Eii>-MBRCURT-TBia>BiiATURE Range 0to90 . *C 

0 Aventged over any interval of 6 seconds maximum. 




HALF-WAVE MERCURY- 
VAPOR RECTIFIER fei 

^ / 7Q1 ft Coated-filament type used in in- 

/ dustrial equipment. Maximum peak in- 

verse anode volts, 2000; average anode 
amperes, 2.5. Requires Small four-con- y 
tact socket and may be operated in ver- 
tical position only, base down. OUT- 
LINE 41, Outlines Section. 

Filament VoltaoeP 2.5 

Filament Cubbent 7 

Peak Tuhe Voltage Drop (Approx.) 12 

" Filament voltage must be applied at ieasi 20 seconds before application of anode voltage. 

HALF-WAVE RECTIFIER 

Maximum Ratings: 

Pe.\k Inverse Anode Voltage 2000 max 

Anode Cubbent: 

Peak 10 max 

AverageO 2.5 maz 

Fault 250 vuLX 

Condensed-Mercury-Temperatuke Ran-qe S6 to 80 

0 Averaged over any interval of 5 seconds maximum. 



volts 
amperes 
votti 



volts 

amperes 
amppres 
amperes 




HALF-WAVE GAS AND , p ^ 

. MERCURY-VAPOR RECTIFIER 

O'^D / / UIV Coated-filament type used in in- 
A'i'^l /VrtOf^ equipment. Maximum peak 

OO 3 Ly / inverse anode volts, 1000; average 

anode amperes, 6.4. Type 635/7019 re- nc"^ j^C 

quires Super-Jumbo four-contact sock- 
et and may be operated in vertical position only, base down. Type 635L/7020 re- 
quires a special lug-type socket and may be operated in vertical position only, base 
down. Type 635/7019 OUTUNE 60, OtUlines Section; type 635/7020 Outlinb 61, 
Outlines Section. 

FlLi^CBNT VOLTAQ]^ 2.6 VOltS 

FlLAMENTCOIHIKn:. . 18 BIlipKreB 

PBAK TUBB TOLTAOB HBOP (ApprOX.) 9 VoltB 

• Filament voltage must be applied at least 60 seconds before application «f anode voltage. 

HALF-WAVE RECTIFIER 

Mtixiraum Ratings: 

Peak iNVsatss Amodk Voltagb. 1000 max volts 
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Anode Cubrijnt: 

Peak 77 max ampcrc-s 

AverageO 6.4 max amperes 

Fault no max amperes 

CONDENSED-MKKCURY-TESiPBRATURE RANGE 0 tO 100 .'C 

0 Averaged over any interval of 20 seconds maximum. 



HALF-WAVE MERCURY- 
VAPOR RECTIFIER 

Coated-filament typeusedin pow- 
er supply of transmitting and indus- '673 
trial equipment. Maximum peak in- 
verse anode volts, 15000; maximum 
average anode amperes, 1.5. Requires 
Super-Jumbo foiu>contact socket and may be operated in vertical position only, base 
dxprn^Oi^l^NEi 67, OuUines Section* The 673 is electrically identical with the 675A. 




POWER TRIODE 

Thoriated-turigs ten- filament type used as 
af power amplifier and modulator and as it 
power amplifier and oacillator. M»y be used 
with full input up to 60 Mc. Requires Small lour- 800 
contact socket and may be operated ia vertical 
position only, base up or down. Maximum over- 
all length, 6-8/8 inchea; maximum diameter, 
2-11/16 inches. Filament volts (ac/dc), 7.6; 
amperes, 8.1. Direct interelectrode capacitances: 
grid to piste, 2.5/t/if:Brid to filament, 2.8 >i;*f;plate to filament, 2.8 n^l. Maximum CCS ratings aa Rl- 
POWER AMPUJ^TEB AND OSCILLATOR: dc plate volts, 1250 max; dc grid volts, -400 vtax; d<- 
platemilliamperefi, 80mO»; dc grid milliampfcres, 25 max; plate input, 100 max watts; plate dissipation, 
35 max watts. Pltitt^ shows no color when tube is operated at maximum CCS ratings. The 800 is a DIS- 
C0NTINUE1> type listed for reference only. As a replacement, the 812A Is a rimilar type although 
not directly interchangeable. 





^<h^^~^^ POWER TRIODE 

Thoriated-tungsten-filamenttype Qf\t A 

used as af power amplifier and modu- Owl/\ 
lator and as rf power amplifier and os- 
f^V^^'^-'^^f^ cillator. May be used with full input 
up to 60 Mc and with reduced input 
up to 120 Mc. Class C Telegraphy maximum plate dissipation, CCS 20 watts. Re- 
quires Small four-contact socket and may be operated in vertical position with base 
down, or in horizontal position with pins 1 and 4 in vertical plane. OUTLINE 32, 
Ouilines Section. Plate shows no color at maximum CCS ratings. 

Filament Voltage (ac/dc) 7.5 volts 

Filament CuBRENT 1-25 UBperes 

Amplification Factor 8 

DiBECT Interblectbode Capacitances: 

Grid to plate « 

Grid to ffiament. . . , ••B 

Plate to filament 1.5 

AF POWER AMPLIRER AND MODULATOR— CIqm B 
Maximum CCS Ratings: 

DC Plate Voltage 600 maa: volts 

MaxihUU-Signal DC Plate Current" 70 mar ma 

Maxiuuh-Sional Plate Input" 42 mat watts 

. Plate Dissipation" • 80 ifios watts 

" Averaged oy^ ai^ audio-frequent of sine-wave form. 
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RCA Transmitting Tubes 



RF POWER AMPLIFIER AND pSOLLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings: 

DC Plate Voltage , ,. 600 max volts 

DC Grid Voltage -200 max volts 

DC Plate Cuhebnt 70 max ma 

DC Grid Cuhbbnt 15 max ma 

Plate Input 42 max watts 

Plats Dissipation 20 max watts 




POWER PENTODC 

r%f\f> Heater-cathode type used as af 

0\JjC power amplifier and modulator and as 

rf power amplifier and oscillator. May 
be used with full input up to 30 Mc. 
- For Class C Telegraphy operation at 55 
Mc, plate voltage and plate input should be reduced to 77 per cent of maximum rat- 
ings; at 100 Mc, to 55 per cent. Class C Telegraphy maximum plate dissipation, CCS 
10 watts, IGAS 13 watts. Requires Medium seven-contact socket and may be oper- 
ated in any position. Outlinb 34, Outlines Section. Plate shows no color when the 
tube is operated at maximum CCS or ICAS ratings. 

HbATKR ^■OLTAGG (JUj/DC) 

HeATKR ( 'URRBNT 

Tbanscos'ductan'CK (For plate current of 20 milljampetMf) 

Direct iNTERELECTRODti Capacitances: 

Grid No.l to plate (With external shielding) 

Grid No.l to cathode, grid No.3, grid No,2, internal siiield, and heater. . 

Plate to cathode, grid No.3i grid. No.2, internal shield, and heater 



6.3 


volts 


0.9 


ampere 


2250 




0,15 'imx 




11 




6.8 





AF POWER AMPUHER AND MODULATOR— Class A 



Maximum Ratings: 

DC Plate Voltagb 

DC Gbid.No.2 Voltagb 

Plate Input 

Ghii>-No.2 Input 

Peak Heater-Cathode Voltage: 

Eteater negative with respect to cathode . 

Heater positive with respect to cathode . . 



CCS 


I CAS 




500 max 


600 max 


volts 


250 max 


250 max 


volts 


15 max 


18 max 


watts 


3 max 


3 max 


watts 


100 max 


100 max 


volts 


100 mcae 


100 max 


voltt 



Maximum Circuit Values (CCS or ICAS CWldlHonsJl 

Grid-No.l -Circuit Resistance: 

For fixed- hi as operation 

For cathode-bias operation 



0.01 max 
0.5 max 



megohm 
megohm 



RF POWER AMPLIFIER AND OSCILLATOR- Class C Telegraphy 

and 

RP POWER AMPLIFIER— Class C FM Telephony 



Maximum Ratings: 

DC Plate Voltage 

DC GRI&-N0.3 Toltagb. 

DC Gbid-No.2 Voltage 

DC GHnKN0.1 'Vffl.TAGB 

DC5 Plate Cubbbnt 

DC Ghid-No.1 CmotENT , 

Plate Input 

Gbid-No.3 Input 

Gbid-No.2 Input 

Plate Dissipation 

Peak Heatbk-Cathode Voltage: 

Heater negative with respect to cathode. 

Heater positive with respect to cathode. 



CCS 


ICAS 




509 max 


600 max 


volts 


200 max 


MO max 


volts 


250 max 


260 max 


volts 


-200 max 


-200 max 


volts 


60 max 


60 max 


ma 


7.5 max 


7.6 max 


ma 


25 max 


83 max 


watts 


2 max 


2 mad 


watts 


6 max 


6 max 


watts 


10 tBOSB 


IS max 


Wfftts 


100 max 


100 max 


volts 


100 max 


100 max 


volts 
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POWER PENTODE 

Thoriated-tungstW'ftlament type used as- 
,p rf power amplifier and osdUator. May be used 

. with full input up to 20 Mc and with reduced 

^'i/p Y i ""•"^V~-j*3 input up to 60 Mc. Class C Telegraphy maxi- O^^O 
* ' mum plate dissipation, CCS 125 watts. Requires w 
Giant five-contact socket and may be operated 
in vertical position with base up or down, or in 
'1 (si horizontal position with pins 2 and 5 in horizon- 

tal plane. Outline 59, Outlines Stiction. Plate 
shows a barely perceptible red color when tube is operated at maximum CCS ratings. The 803 is used 
principally for renewal purposes. 

Filament Voltage (ac/dc) 10 volts 

Filament Current 5 amperes 

Tbansconductance (For plate current of 62.5 milliamperes) 4000 fimhos 

Direct Intkrblectrode Cai*acitances: 

Grid No.l to plate (With external shieldinE) 0.15 max nfti 

Grid No.l to tilament, grid No.3, and grid No.2 17 nnt 

Plate to filament, grid No.3, and grid No.2 29 md 

RF POWER AMPLIFIER AND OSCILLATOR— Ctoss C Telegraphy 

ond 

Maximum CCS Ratings: POWER AMPUFIER— Class C FM Telephony 

DC Plate V0LTAt:E 2000 max volta 

DC Grid-No.3 Voltage 500 viax volta 

DC Grid-No.2 Voltage 600 7nax volts 

DC GsiD-No.l Voltage -500 max volts 

DC Platb CuRltBNT 175 max ma 

DC Gbid-No.1 Cubbont '50 max ma, 

Plate Input SSOmax watts 

Gbid-No.3 Input 10 ma» watt* 

Gbid-No.2 Input SO moa; watts 

Plats Dissipation 125 max watts 




804 



POWER PENTODE 

Thoriated-tungaten-fUament type used as 
rf power amplifier and oscillator. May be used 
with fuU input up to 16 Mc and with reduced 
input up to 80 Mc. Class G Telegraphy maxi- 
mum plate dissipation, CCS 40 watts, ICAS 50 
watts. Requires Small five-contact socket and 
may be operated in vertical position with base 
down, or in horizontal position with pins 2 and 
4 ill vortical piano. OuTi.tNB 51, OidluuH SfjciUm. 
Plate i^oira do color when tube is operated at maximum CCS or ICAS ratings. The 804 is used principally 
for renewal purposes. 

Filament Voltage (ac/jx:) 7.5 

FiLABlBNT CUBRBNT 8.0 

Tbansconductanck (Fur plat« ourrunt of 32 milliamperes) 3250 

DiBECT Intebelecthodu Capacitanl'es: 

Grid No.l to plate (With external shielding) , 0.03 max 

Grid No.l to filament, grid No.3, and grid No.2 13 

Plat(i to filament, grid No.3, and grid No.2 14 



volts 
amperes 
^onhoa 



Hill 



Maximum Ha tings: 

i>C PhAXB Voltage 

DC Grid-No.3 Voltage . 
DC Grid-No.2 Voltage . 
DC Gbio-NcI Voltaqb . 

DC Plate Cubbbnt 

DC Gbid-No. 1 Cubbbnt. 

Plate Input 

Grid-No. 3 Input 

Grid-No. 2 Input 

Plate Dissipation 



RF POWER AMPUFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 



CCS 


ICAS 




1250 max 


1500 max 


volts 


200 max 


200 max 


volts 


300 max 


300 max 


volta 


-^00 max 


-300 max 


volta 


95 max 


100 max 


ma 


15 max 


16 max 


ma 


120 max 


160 max 


watts 


5 itioa; 


6 max 


watts 


15 max 


16 max 


watte 


40 max 


60 «uu) 


watte 
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POWER TRIODE 

-J _ Thoriated-tungsten-filament type 

^sed as af power amplifier and modu- 
lator and as rf power amplifier and 
oscillator. May be used with full input 
up to 30 Mc. For Class C Telegraphy 
operation at 45 Mc, plate voltage and plate input should be reduced to 82 per cent 
of maximum ratings; at 80 Mc, to 55 per cent. Class C Telegraphy maximum CCS 
plate dissipation, 125 watts. Requires Jumbo four-contact socket and may be oper- 
ated in vertical position with base down, or in horizontal position with pins 1 and 3 
in vertical plane. Outline 53, Outlines Section. Plate shows no color when tube is 
operated at maximum CCS ratings. 



Filament Voltage (ac/dc) 10 .volt* 

Filament Current 8.25 amperei 

Direct Interelectrode Capacitances: 

Grid to plate 6.0 nnt 

Grid to filament 7.5 nftt 

Plate to flktment 9.0 /t/d 



AF POWER AMPLIFIER AND MODULATOR— Class B 
Maximum CCS Ratingst 

DC Plate Voltage 1600 mtae 

Maximum-Signal DC Plate Curbbnt" 210 max 

Maximum-Signal Plate Input" 816 max 

Plate Dissipation" 126 mttx 

' Averaged over any audio-frequency cycle of sine-wave form. 



volts 
ma 
watt! 
watts 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegrophy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings: 

DC Pij^TB Voltage 1600 max 

DC Gbid Voltage -600 max 

DC Plate Cuhrent. 210 max 

DC Gbid Curbent. . 70 max 

Plate Inpot 315 max 

Plate Dissipatioh , 125 max 



volts 
volts 
ma 
ma 
watts 
watts 




POWER TRIODE 

Thoriated-tungsten-filametit type used as 
af power amplifier and modulator and as rf 
power ampiifit^r and oscillator. May be used 
8OO '"'''^ i"P"l^ '^o ^'^ and with reduced in- 

put up to 100 Mc. Requires Jumbo four-contact 
socket and may be operated in vertical position 
only, base down. Maximum over-all length, 10 
inches; maximum diameter, 8-13/16 inches. Fil- 
ament volts (ac/dc), 6; amperes, 9.6. Direct in- 
terelectrodecapacitancosigrid to plate,4;»/^;grid to filament, 5.6 /tMflPlate to filament, 0.4 nfif. Maxi- 
mumCCS ratings as AFPOWERAMPLIFIERANDMODULATOR:dcpIatevolts,3000i)iaa:(rCAS, 3300 
max) ; maximum-signal dc plate railliamperes, 200 max (ICAS, 250 max) ; maximum-signal plate input, 
500 max watts {ICAS, 825 max watts) ; plate dissipation, 150 max watts (ICAS, 225 max watts) . Maxi- 
mum CCS ratings aa RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 3000 max (ICAS 
3300 max) ; dc grid volts, -1000 max; dc plate milliamperes, 200 max (ICAS, 305 max) ; dc grid milliam- 
peres, 50 max; plate input, 600 viax watts (ICAS, 1000 max watts); plate dissipation, 150 viax watts 
(ICAS, 225 max watts). Plate shows cherry-red color when tube is operated at maximum CCS ratings, 
and orange-red color at maximum ICAS ratings. The 806 is a DISCONTINUED type listed for r^er- 
ence only. Aa a replacement, the 8000 is a similar type although not directly interchangeable. 
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Technical Data 




BEAM POWER TUBE 

Heuter-cathode type used as af 
power amplifier and modulator and as 
rf power amplifier and oscillator. May 
be used with full input up to 60 Mc. 
For Class C Telegraphy operation at 
80 Mc, plate voltage and plate input should be reduced to 80 per cent of maximum 
ratings; at 125 Mc, to 55 per cent. Class C Telegraphy maximum plate dissipation, 
CCS 25 watts, ICAS 30 watts. Requires Small five-contact socket and may be 
operated in any position. Oxitline 34, Outlines Section, except has no bayonet pin. 
Plate shows no color when tube is operated at maximum CCS or ICAS ratings. 



6.8 
0.9 
6000 
8 



0.6 



volts 
ampert( 
^mhos 



0.2 max 
12 
7 



CCS 


ICAS 




600 max 


750 7nax 


volts 


300 max 


300 911 aa: 


volts 


120 max 


120 max 


ma 


60 


90 max 


watta 


3.5 max 


3 . 5 max 


watts 


25 max 


30 max 


watta 


135 max 


135 max 


volta 


135 max 


136 max 


. volt« 



Hbatbr Voltagb (ac/dc) 

Hbatbr Current 

Transconductancb (ApproK.)* 

Mu-FACTOR,Grid No.2 to Grid No.l** 

Direct Interelectrode Cai'acitance9: 

Grid No.l to plate (With pxtonial ahii^lding) 

Grid No.l to cathode, grid No.rJ, grid \'o.2, and heater 

Plate to cathode, grid No.3, grid No.2, and lifater 

* Plate and grid-No.2 volts, 250; grid-No.l volts. -14. 
Plate and grid-No.2 volts, 250; grid-No-l volts, -20. 

AF POWER AMPUFIER AND MODULATOR^au AB2 

Maximum Ratings: 

DC Plate Voltage 

DC Grid-No.2 Voltagb 

Maximum-Signal DC Platk Cukuent" 

Maximum-Sign"al Plate Input" 

Maximum-Sign-al Grid-No.2 Input* 

Plate Dissii-ation" 

Pbak Heater-Cathode Voltage: 

Heater negative with respect to ^thode 

Beater poaittve with respect to cathode 

Typtcal Operation {Values are for Stubea): 

DC Plate Voltage 

DC Grid-No.2 VoltageJ 

DC Grid-No.l Voltage 

Peak AF Grid-No.l-to-No.l Voltage 

Zero-Signal DC Plate Current 

Maximum-Signal DC Plate Current 

Zero-Signal DC Grid-No.2 Current 

Maximum-Signal DC Grid-No,2 Current 

EirecLive Load Ilosistance {Plate to plate) 3700 

Maximum-Signal Driving Power (Approx.) 

Maximum-Sig^l Power Output (Approx.)* 

Maximum Circuit Values (CCS or ICAS cond!Hons)t 
Grid-No.l-Circuit Resistance 

For fixed-bias operation 80000 max 

For cathode-bias operation 

•Averaged over any audio-froquoncy cycle iif sine-wave form. 

{Preferably obtained from a separate source, or from the platG-vottago supply with a voltage divider. 

* With zero-impedance driver and perfect regulation, plate-circuit distortion does not exceed 2 per cent . 
In practice, regulation of plate voltage, grid-No.2 virftago, and grid-No.l voltage should not be greater 
HaOL 5 per cent, 5 per cent, and 3 per cent, re^iecHv^. 





CCS 




ICAS 




400 


600 


600 


760 


volts 


800 


300 


800 


300 


volts 


-28 


-80 


-82 


-35 


volts 


80 


86 


80 


96 . 


volts 


72 


60 


48 


30 


ma 


240 


240 


200 


240 


ma 


2 


0.9 


0.7 


0.5 


ma 


20 


20 


18 


20 


mil 


3700 


4600 


6900 


7300 


ohms 


0.2 


0.2 


0.1 


0.2 


watt 


65 


75 


80 


120 


watts 



ohms 
Not recommended 



PLATE-MODUUTED RF POWER AMPLinER~Cla$s C Telephony 



Maximum Ratings: 


CCS 


ICAS 








600 tnax 


volts 






300 vtax 


volts 


DC Grid-No.1 Voltage 




-200 nwx 


VoltH 


DC Plate Cuhrent 




100 max 


ran 


DC Grid-No.1 CuimENT 




5 max 


ma 






60 max 


WRtf3 



a 
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RCA Transmitting Tubes 



Grii>-No.2 InI'ut 

Plate DisaiPAxroN 

Peak HEArEn-CATHODii: Voltage: 

Heater negative with respect to cathode. 

Heater po^tira with reject to caUiode . 



2 . 5 max 
16 . 5 max 

135 vtax 
1S6 max 



Typical Operation: 

DC Plate Voltage 325 

DC Grid-No.2 Voltage t 2S0 

From aeries resistor of 12S00 

DC Grid-No.1 VoltageA -75 

From grid-No.l resistor of 21400 

Peak RF Grid-No.l Voltage 95 

DC Plate Current 80 

DC Grid-No.2 Current 6 

DC Grid-No.l Current (Approx.). . 3.5 

Driving Power ( Approx.) 0.3 

Power Output (Approz.) 17 

Maximum Circuit Values (CCS or ICAS conditions}! 

Grid-No.l- Circuit Resistance 



CCS 
400 
2&0 
25000 
-75 
21400 
95 
80 
6 

3.5 
0.3 
22 



475 
250 
28000 
-85 
21200 
108 
83 
8 
4 
0.4 
28 



2 . 5 max 
25 max 

135 max 
186 max 

ICAS 
600 
300 
37500 
-85 
21200 
107 
100 
8 
4 
0.4 
U 



30000 max 



watts 
watts 

volts 
TOltS 



volts 
volts 
ohms 
volts 
ohms 
volts 
ma 
ma 
ma 
watt 
watts 



ohms 



A Obtained preferably from separate source modulated along with the plate supply, or from the 

modulated plate supply through series resistor of value shown. 

6 Obtained from grid-No.l resistor of value shown or from a combination of grid-KoJ. resistor iritb 

either fixed supply or cathode resistor. 

RF POWER AMPLIFIER AND OSCILLATOR—Clajs C Telegraphy 

and 

RF POWER AMPLIFIER— Clajj C FM Telephony 



Maximum Ratings: 

DC Plate Voltage 

DC Grid-No.2 Voltage , 

DC Grid-No. 1 Voltage 

DC Plate Current , 

DC Gbid-No.1 Cuhbbnt , 

PuTE Input , 

Gbid-No.2 Input , 

Plate Dissipation , 

Peak E^TBit-CATHois] Voltage: 

Heater negative with respect to cathode. 

Heater podtive with respect to cathode. 



CCS 
600 max 
300 vtax 
-200 max 
100 max 
5 max 
60 max 
3.5 max 
26 max 

135 max 
135 max 



ICAS 

750 max 
300 max 
-200 max 
100 max 
5 max 
75 max 
3.5 max 
30 max 

186 max 
185 max 



volts 
volts 
volts 
ma 
ma 
watts 
watts 
watts 

vdts 
volts 



AVERAGE PLATE CHARACTERISTICS 




400 SOO 
rtATC VOLTS 



«eu4A»n 



Typical Operation: CCS ICAS 

B0 Plate Voltage 400 600 600 750 volts 

DC Grid-No.2 Voltage* 250 260 250 250 volts 

From series redstor of 19000 31000 44000 62000 ohnffl 



Technical Data 







-45 


-45 


-45 


volts 






11200 


11200 


11200 


ohms 






400 


400 


400 


ohms 




65 


65 


65 


65 


volts 






100 


100 


100 


ma 






8 


8 


8 


ma 




4 


4 


4 


4 


ma 




0.3 


0.3 


0.3 


0.8 


watt 




25 


32 


40 


64 


watts 



Maximum Circuit Values (CCS or ICAS conditions): 

Grid-No. 1-Circuit Resistance 30000 max ohms 

* Obtained preferably from a separate source, from plate-voltage supply with a voltage divider, or 
through series resistor of value shown. Grid-iiowi voltage must not exceed 400 volts under key^up 
conditions. 

• Obtained Irom fixed supply, by grid-No.! reristor* by cathode radstor, or by c<»nbination methods. 



TYPICAL CHARACTERISTICS 




AVERAGE CHARACTERISTICS 



120 



100 



5 00 



f 60 
o 
£ 



40 



20 



100 200 366 466" 
PLATE VOLTS 

02CS-SX44T3 



TYPE 807 
Ef = 6.3 VOLTS 
CRID-N«2 VOLTS = 250 
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POWER TRIODE 



Thoriated-tungsten-filaraent type used as 
rf power amplifier and oscillator. May be used 
with full input up to 30 Mc and with reduced 
input up to 130 Mc. Requires Small four-con- 808 
tact socket and may be operated in vertical 

position only, base down. Maximum over-all ; 
length, 6-1/16 inches; maximum diameter, 
2-3/16 inches. Filament volts (ac/dc), 7.5; am- 
peres, 4. Direct interelectrode capacitances: 
grid to plate, 2.8 ji^f; grid to filament, 5.3 /x>if; plate to filament, 0.25 fi^f. Maximum CCS ratings as RF 
POWER AMPLIFIER AND OSCILLATOR, Class 0 Telegraphy: dc plate volts, 1500 max; dc grid 
volts, -400 max; dc plate milliamperes, 150 vutx; dc grid milliamperes, 35 max; plate input, 200 max 
watts; plate dissipation, 50 max watts. Plate shows cherry-red color when tube is operated at maximum 
^GS ratings. The 808 is a DISCONTINUED type listed for reference only. As a rephuwment, the 
SlSA Is a similar type although not directly interchangeable. 





POWER TRIODE 

Thoriated-tungsten-filament type 
used as rf power amplifier and oscilla- 
tor. May be used with full input up to 
60 Mc and with reduced input up to 
120 Mc. Class C Telegraphy maximum 



809 



127 



RCA Transmitting Tubes 



plate dissipation, CCS 25 watts, ICAS 30 watts. -Requires Small four-contact socket 
and may be operated in vertical position with base down, or in horizontal position 
with pins 1 and 4 in vertical plane. Outline 44, Outlines Section, Plate shows no 
color when tube is operated at maximum CCS ratings, and shows a bar«ly percepti- 
ble red color at maximum ICAS ratings. 

FiLAaiENT Voltage (ac/dc) 6.8 volts 

Filament Current , 2.S amperes 

Amplification Factor 55 

Direct In-tehelbctrosb Capacitahcbs; - 

Grid to plate 6.7 mtt 

Grid to filament ;■ 6.7 /i^f 

Plate to filament 0.9 mtt 



RF POWER AMPLIFIER AND OSCIUATOR— Clan C Telftgraphy 

ond 

RF POWER AMPURER— Class C FM Talaphony 

Maximum Rafings; cCS ICAS 

DC Plate Voltage 750 max 1000 max 

DC Grid VoltaoE ; -200 max -200 max 

DC Plate Curbbnt 100 mox- 100 max 

DC Grid CurrbNT SSdukt 85 max 

Plate Input 75 max 100 moa 

PuTB DxasiPATiOH 26 max 80 max 



volts 
voita 
ma 
ma 
watts 
watti 




POWER TRIODE 

Thoriated-tungsten-filament type 
ftl A ^ power amplifier and modu- 

i" lator and as rf power amplifier and os- 

cillator. May be used with full input 
up to 30 Mc and with reduced input 
up tu 100 Mc. Class C Telegraphy maximum plate dissipation, CCS 125 watts, 
ICAS 175 watts. Requires Jumbo four-contact socket and may be operated in ver- 
tical petition with base down, or in horizontal position with pins 1 and 2 in vertical 
plane. OUTLINE 55, Outlines Section. Plate shows a barely perceptible red color when 
tube is operated at maximum CCS ratings, and shows a cherry-red color at maxi- 
mum ICAS ratings. 



f^tLAUBNT Voltage (ac/dc) 10 

Filament Cukkent ' 4^5 

AMPLIFICATIOM FaC TOli ] gg 

Direct Interelectroub Cai-acitamces: 

Grid to plate 4_8 

Grid to filament 8 _ 7 



Plate to filament. 
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v<^ta 
amperes 



mi 



AF POWER AMPUFIER AND MODUIATOR-Class B 

Moximum RaMngs: CCH 

DC Plate Voltage 2300 max 

Maximum-Signal DC Plate Current" 250 tnax 

MAxiMUM-SitiNAL Plate Input" 425 max 

PiATE Dissipation" 125 ««kc 

over any audio-frequency cyde of afne-wave form. 



ICAS 
2750 max 
250 max 
510 max 
175 max 



volts 
ma 
watts 
watts 



PLATE-MODUUTED RF POWER AMPUFIER— Clo« C Telephony 
Maximum RatlngK 

DC Plate Voltage 

DC GaiD Voltage 

DG Plate Gurrbnt , 

DC Grid Current , 

Plate Input 

Plate Dissipation 



CCS 


ICAS 




1600 max 


2000 max 


volts 


-SOO max 


-SOO max 


volts 


210 max 


260 max 


ma 


70 mox 


75 max 


ma 


885 max 


600 max 


watts 




125 max 


watts 
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RF POWER AMPUHER AND OSOLLATOR-Closs C Telegraphy 

and 

RF POWER AMPUFiER— Class C.fM Telephony ' 



Maximum Rotings: 


CCS 


WAS 








2500 max 


volts 






-500 maa: 


volts 






300 max 


ma 






76 max 


ma 






750 max 


watta 






175 max 


watts 




POWER TRIODE 

Thoriated-tungsten-filament type 
used as af power amplifier and modu- 
lator and as rf power amplifier and os- 
cillator. May be used with full input 
up to 30 Mc and with reduced input 
up to 100 Mc. Class C Telegraphy maxiinum plate dissipation, CCS 45 watts, 
ICAS 65 watts. 



811A 



Filament Voltage (ac/dc) 6.3 

Filament Current 4 

Amplification Factor* 160 

DlRESCT INTBBBLBCTROOB CjlFA<nTAHCES: 

Qrld to plate 6.6 

Grid to filament S.9 

Plate to filament 0.7 

* Grid volts,-!; plate milUamperes, 20. 

AF POWER AMPUFIER AND MODULATOR— Closs B 

Maximum Ratingj: CCS ICAS 

DC Plate Voltage 1250 max 1500 max 

Maximum-Signal DC Plate Current" .... 175 max 175 max 

Maximum-Signal Plate Input" 165 max 236 max 

Plate Dissipation" 45 maa; 65 mass 

Typical Operation (Values are for S lubes): 

DC Plate Voltage 750 1260 1000 1260 1500 

DC Grid Voltaget 0 0 0 0 -4.5 

Peak AF Grid-to-Grid Voltage 197 145 135 176 170 

Zero-Signal DC Plate Current 32 50 44 54 32 

Maximum-Signal DC Plate Current 350 260 350 350 313 

Effective Load Kesiatance (Plate to plate) . . 5100 12400 7400 9200 12400 

Maziimmi-Sigaal Driving Power (Approx.) . 9.7 3.8 7.5 6 1.4 

Maximum-Signal Power Output (Approx.) . . 178 285 248 310 840 

■ Averaged over any audio-fiequency cycle of sine-wave form, 
t Fw a<: filament supply. 

LINEAR RF POWER AMPILFIER— Class AB2 
SingU-Sid^ond Suppreaee^arriw Strviee 



volts 
amperes 



w»f 

Milt 



volta 
ma 
watts 
watts 



volts 
volta 
volts 
ma 
ma 
ohms 
watts 
watta 



Maximum RoHngs; Up to 30 .1/c CCS 

DC Plate Voltage 1250 ?nox 

DC Plate Cubbbnt At Peak Op Envblotb 175 max 

DC Gkid Cubbbnt ' 50 max 

DC -Platb Input at Pbak Of Envblopb 165 mov 

Platb Dissipation. 46 max 

Typical Operatton with Two-Tcme Modulation at 30 Met 

DC Plate Voltage 1250 

DC Grid Voltage° 0 

Zero-Sii^al DC Plate Current 25 

Effective BF Load RcBiatance 5700 



ICAS 
1500 max 
175 max 

50 max 
286 max 

60 max 



1600 
-4.S 
16 
6000 



volta 
ma 
ma 
watts 
watts 



volts 
volts 
ma 
ohms 
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DC Plate Current: 







157 


ma 






110 


ma 






20 


ma 


Peak-Envelope Driver Power Output (Approx.)*. . . 


7 


8 


watts 






90 


% 


Distortion Products Level:* 








Third Order 




-25 


db 


Fifth OrdiT 




-80 


db 


Useful Power Output (Approx,):^ 










120 


160 


watts 






80 


watts 



t Two-Tone Modulation operation refers to that class of amplifier service in which the input consists of 
two equal monofrequency rf signals having constant amplitude. These signals are produced in a single- 
sideband suppressed-carher system when two equal-and-constant amplitude audio freqiwoides are ap- 
plied to the input of the system. 

° Obtained preferably from a separate, well-reetdated supply. 

* Driver power output represents circuit losses and is tlie actual power measured at input to the Jirid 
circuit. The actual power required depends on the oparatinc frequency and the circuit used. 

* Referenced to either of the two tones and without the use of feedback to enhance linearity. 
ir This value of useful power is measured at load of output drcuit having indicated efficiency. 



PLATE-MODULATED RF POWER AMPL1HER— Claw C Telephony 



Maximum Rotings: 


CCS 


I CAS 








1250 max 


volts 


DC Grid Voltage 




-200 max 


volts 


DC Plate Current 




150 max 


ma 






50 max 


ma 






175 max 


watts 






45 max 


watts 


Typical Operation; 








DC Mate Voltage 




12 nO 


volts 


DC Grid Voltage i 


-55 


-120 


votts 




1200 


2700 


ohms 






250 


volts 






140 


ma 






46 


. ma 






10 


watts 






185 


watts 



^Obtained from grid resistor of value shown or from a combination of grid resistor with tither ^ed 
supply or cathode resistor. 



RF POWER AMPLIFIER AND OSCILLATOR—Class C Telegraphy 

and 

RF POWER AMPLIFIER— Clau C FM Telephony 

Maximum Ratings: cCS WAS 

DC Plate Voltage 1260 max 1 500 max 

DC Gbid Voltage -200 max -200 max 

DC Plate CuitBENT 175 max 175 mox 

DC Grip CuHtENT 50maa; 50 max 

Plate Input 175 max 2ft0 mox 

Plate Dissipation 45 max 65 max 

Typical Operation: 

DC Plate Voltage , 1250 1500 

DC Grid Voltasei -50 -70 

From griii resistor of 1100 1750 

From cathod^^ resistor of 270 330 

Peak RF Grid Voltage 140 175 

DC Plate Current 140 173 

DC Grid Current (Approx.) 45 40 

Irving Power (Approx.) 5.7 7.1 

Power Output (Approx.) 135 200 

jfcObtained from fixed supply, by grid resistor, by cathode resistor, or by combination methods. 



vol^ 
v<rftar 
ma 
ma 

waUs 



volts 
volta 
ohms 
ohms 

ma 

. tost 
watts 
watt4 
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AVCRACe CHARACTtRISTICS 




1200 1600 



2400 

taeM-«ot5T 



OPERATING CONSIDERATIONS 

Type 811A requires Small four-contact socket and may be operated in vertical 
position with base down, or in horizontal position with pins 1 and 4 in vertical plane. 
Outline 42, Outlines Section. 

For operation at 60 Mc plate voltage and plate input should be reduced to 89 
per cent of maximum ratings; at 80 Mc, to 70 per cent; at 100 Mc, to 55 per cent. 
Plate shows no color when tube is operated at maximum CCS ratings, and shows 
a barely perceptible red color at maximum ICAS ratings. 

POWER TRIODE 

Thoriated-tungsten-filament type 
used as af power amplifier and modu- 
lator and as rf power amplifier and os- 81 2 A 
cillator. May be used with full input 
up to 30 Mc and with reduced input 
up to 100 Mc. Class 0 Telegraphy maximum plate dissipation, CCS 45 watts, ICAS 
65 watts. ■ 




Filament Voltage (ac/bc) 

Filament Cobbent 

Amplification Factor* 

Direct Interelbctrode CAPACiTANCEa: 

Grid to plate , 

Grid to filament , 

Plate to filament , 



''*Grid volts, -80; plate milliampereB, 80. 

AF POWER AMPURER AND MODUUTOR— Class B 

Maximum Ratings: CC8 

DC Plate Voltage 1260 max 

Maximum-Signal DC Plate Current" 17li nuae 

MAxnnni-SioHAL Putb Input" IBS maz 

Platb Dissipation" 46 max 



6.8 
.4 
29 

5.6 
S.4 
0.77 



ICAS 
1500 max 
176 max 
286 max 
66 max 



Typical Operation (Vahu» art for S b^et): 

DC Plate Voltage 

DC Grid Voltaget 

Peak AF Grid-to-Grid Voltage 

Zero-Signal DC Plate Current 

Maximum-Signal DC Plate Current 



1250 

-40 

225 

22 

260 

Effective Load Resistance (Plate to plate) 12200 

Maximum-Signal Driving Power (Approx.) 3.5 

Maximum-Signal Power Output (Approx.) 235 

■ Averaged over any audio-frequeiu^ cyde of dne-wave torn, 
t For ac filament supply. 



1600 
t48 

270 

28 
810 
13200 
5 

340 



rolti 
amperes 



Hid 



volts 
ma 
watts 
watts 



vi^ts 
volts 
volts 
ma 
ma 
ohms 
watta 
watts 
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PlATE-MpDULATED RF POWER AMPLIFIER— Clan C Telephony 



Maximum Ratings: 


CCS 


ICAS 








1250 max 


volts 






-200 max 


volta 






150 max 


ma 






35 max 


ma 






175 max 


VBtto 






45 ma^ , 


watt! 



Typical Operation; 





12S0 


volts 




-115 


VOltl 




"3800 


ohma 




240 






140 


mia 




35 


ma 




7.6 


watts 




130 


watti 


A Obtained from grid resistor of value shown or from a combination of grid reaiator with either fixed 


•upply or cathode resistor. 






RF POWER AMPLIFIER AND OSCILUTOR— Cla« C Telegraphy 




and 






RF POWER AMPLIFIER— Claw C FM Telephony 






Maximum Ratingi: CCS 


ICAS 




DC Plate Voltage 1250 ntiw: 


1500 max 






-200 max 


volta 




175 max 


ma 




35 max 


ma 




260 max 


watts 




65 max 





Typical Operationi 

DC Plate Voltaue 1250 1500 vtAts 

DC Grid Voltage t -90 -120 volti 

From KTid resistor of, ;.. 8000 4000 ohms 

From cathode resistor of . 580 590 ohma 

Peak ItF Grid Voltage '200 240 volts 

DC Plate Current 140 178 ma 

DC Grid Current (.\ppros;.) * 80 30 ma 

Driving Power fApprox.) 5.4 6.5 watts 

Power Output (Approx.) 180 190 watts 

tOhtain«d from fixed supply, 1^ grid resistor, by cathode resistor, or by combination methods. 
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OPERATING CONSIDERATIONS 

Type 812A requires Small four-contact socket and may be operated in vertical 
position with base down, or in horizontal position with pins 1 and 4 in vertical plane. 
Outline 42, Outlines Section. 

For operation at 60 Mc, plate voltage and plate input should be reduced to 89 
per cent of maximum ratings; at 80 Mc, to 70 per cent; at 100 Mc, to 55 per cent. 
Plate shows no color when tube is operated at maximum CCS ratings, and shows 
a barely perceptible red color at maximum ICAS ratings. 

When the 812A is used in the final amplifier or a preceding stage of a trans- 
mitter designed for break-in operation and oscillator keying, a small amount of 
fixed bias must be used to maintain the plate current at a safe value. With a plate 
voltage of 1500 volts, a fixed bias of at least —45 volts should be used. 



BEAAA POWER TUBE 

Thoriated-tungsten-filament type 
used as af power amplifier and modu- ft! Q 

later and as rf power amplifier and os- O I w 

dilator. May be used with full input 
up to 30 Mc and with reduced input 
0 -Telegraphy maxim\rai plate dissipation, CCS 100 watts, 



F1I4AMBNT VOLTAGB (AC/DC) 10 VOlts 

. Filament Current g amperes 

Transconductakcb* 8760 taahoB 

Mu-Factob, Grid No.2 to Grid No.l* 8.6 

Direct Intebelectrodb Capacitances: 

Grid No.l to plate 0,26 max ^t/^ 

GridNo.l tomament. grid No.3, internal Bhield, grid No.2, and baaeabell 16.3 

Plate to filament, grid No.8, internal shidd, grid No.2, and base shell... .. .14 utd 

* Plate volts, 2000; grid-No.2 vtdta, 400; pUte milliamperes, 50. 




up to 120 Me. Class 
ICAS 125 watts. 



AF POWER AMPUFIER AND MODULATOR— Clots ABi 

Maximum Ratings: CCS ICAS 

DC Plate Voltage 2250 tnax- 2500 max volts 

DC Grid-No.2 Voltage 1100 max 1100 max ' volts 

Maximum-Signal DC Plate CintRHNT" 180 max 225 max ma 

Maximum-Sic.val Plate Input" 360 maj 450 max watts 

Maximum-Signal DC Ghii>-No.2 Input" 22 max 22 max watts 

Plate Dissipation" 100 mai 125 moa; watts 

Typical Operation (Valuw ar«/or t ixihe9)i 

DC Plate Voltage 1500 2000 2250 2600 volts 

DC Grid-No:3 Voltage* ;.. 0 0 0 0 volts 

DC Grid-No.2 Voltaget 750 760 750 76b" volts 

DC Grid-No.l Voltagef -85 -90 -95 -9*5 ' volts 

Peak AF Grid-No.l-to-Grid-No.l Voltage 160 160 170 180 v(^ 

Zero-Signal DC Plate Current '50 50 50 60 ma 

Maximum-Signal DC Plate Current 305 265 255 290 ma 

Zero-Signal DC Grid-No.2 Current 2 2 2 2 .ma 

Maximum-Signal DC Grid-No.2 Current 45 43 53 54 ma 

Effective Load Resistance (Plate to plate) .... 9300 16000 20000 19000 ohms 

Maximum-Signal Driving Power (Approx.) .... 0 0 0 0 watte 

'MBximunx=Signal Power Output (Approz.) .... 260 936 SSO 490 watt* 

Maximum Circuit Values {CCS w ICAS conditions): 

Grid-No.l-Circuit Redstance 30000 max ohms 

■Averaged over any audio-frequency cycle of sine-wave form. 

* Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to 
the negative end of a filament operated on dc. 

J Preferably obtained from a separate aource or from the plate-voltage supply with a voltage divider, 
f-Sor,iftc fitamrait supply. 
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PLATE-MODUIATED PUSH-PULL RP POWER AMPUFIER— Class C Telephony 

Maximum Ratingj! CCS WAS 

DC Plate Voltage 1600 max 2000 max Yolta 

DC Grid-No.2 VoLTAGS 400 max iOO max volta 

DC Grid-No.1 Voltage. . -300 max -300 max volts 

DC Plate Current 150 viax 200 max mm 

DC Grid-No.1 Current 25 max 30 max ma 

Plate Input 240 max 400 max watts 

Gbid*NoJ! Input 15 max 20 max watti 

Plais BassiFATiOH 67 ««* 100 miue w»tt» 

Typical Operotiont 

DC Plate Voltsffe 1250 1600 2000 volta 

DC Grid-No.3 Voltage* 0 0 0 volta 

DC Grid-No.2 Voltage* 300 300 860 volts 

From aeriea resistor of 27000 43000 41000 ohms 

DC Grid-No.l Voltage6 -160 "ISO volts 

Prom grid-No.l restotor Of 12500 13500 11000 ohma 

Peak RP Grid-No. 1 Voltage 250 250 • 300 volts 

DC Plate Current 150 150 200- ma 

DC Grid-No.2 Current 35 30 40 ma 

DC Grid-No.l Current (Approx.) 13 12 16 ma 

Driving Power (Approx.) 2.9 2-7 4.3 watts 

PowCTOutput (Approx.) 140 180 300 watts 

Maximum Circuit Values (CCS or ICAS condlttoni): 

Grid-No.l- Circuit Reaiatance 30000 max ohms 

' Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to 
the negativfl end of a filament operated on dc. 

i Obtained preferably from separate source modulated along wiUl the plate supply, or from the modu- 
lated plate supply through series resistor <4 value shown for each tmeratdng condition. 
6 Obtained from a grid-No.l rosistor ot value diown OT from a combination of grfd-No.l resistor with 
either fixed supply or cathode resistor. 



RF POWER AMPLIFIER AND OSCILUTOR— Class C Telegraphy 

ond 

RF POWER AMPLIFIER— Class C FM Telephony 
Maximum Ratings: CCS ICAS 

DC Plate Voltage 2000 max 2250 max volts 

DC Geid-No.2 Voltage 400 max 400 fnax volta 

DC Gbid-No.1 VOLTAOB -300 max -300 max volta 

DC Plate CuBRBNT 180 max 225 max ma 

DC Grid-No.I CurkuW 25 max 30 max ma 

Plate Input 360 max 500 max watts 

Grid-No.2 Input 22. max 22 max watts 

PXaMV PlBStFATlOH 100 max 125 mox WBtta 

Typical Operatlont 

DC Plate Voltage 1250 1500 2000 2250 volls 

DC Grid-No.3 Voltage* 0 0 0 0 volts 

DC Grid-No.2 Voltage* 300 300 400 400 volts 

From aeries resistor of 27000 40000 36000 46000 ohms 

DC Grid-No.l Voltaget^ -76 -90 -120 -155 volta 

From grid-No.l resistor of 6000 7500 12000 10000 ohms 

From cathode resistor of 330 400 520 565 ohms 

Peak RF Grid-No.l Voltage 160 175 205 275 volts 

DC Plate Current 180 180 180 220 ma 

DC Grid-Nb.2 Current 85 80 45 40 ma 

DC Grid-No.l Current (Approx.) i.r 12 12 10 15 ma 

Driving Power (Approx.) 1.7 1.9 1.9 4.0 watts 

Power Output (Approx.) 170 210 275 375 watts 

Maximum Circuit Vatuest 

Grid-N9.1-Circuit Resistance 80000 max ohms 

* Grid No.3 should be connected to the mid-tap on the filament-transformer secondary winding or to 
the negative end of a filament operated on dc. 

i Obtained from separate source, from plate-voltage supply with a voltage divider, or through aeries 
resistor of value shown for each operating ctmditim. Grid-No. 2 voltage must not exceed 800 vcdts under 

key-up conditions. 

t For ac filament supply. 

• Obtained from a grid-No.l resistor, from cathode resistor, or from a combination of grid-No.l resistor 
witii ^tber fixed supply or cathode resistor. If preceding stai^e is keyed* bias must be obtained partially 
ftrom a fixed supply to Umit tite plate current and plate dissipatim to a safe value. 
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I7M 2000 

t3CM>4f|TTa 



100 



A VERAGE CHARACT ERISTICS 

TVPE 813 ' I T 
-Cf 3I0 V0LTS DC 

GRrD-N« 2 VOLTS = 300 
_ GRID N" 3 CONNECTED 
TO FILAMENT (-) 




100 200 300 400. 
PLATE VOLTS 

92CM-49S9TI, 

OPERATING CONSIDERATIONS 

The 813 requires Giant seven-contact socket and may be operated in vertical 
position with base up or down, or in horizontal position with pins 2 and 6 In vertical 
plane. Outline 49, Outlines Section. . . 

For operation at 45 Mc, plate voltage and plate input should be reduced to ST 
per cent of maximum ratings; at 60 Mc, to 75 per cent; at 120 Mc, to 50 per cent. 
Plate shows no color when tube is operated at maximum CCS or ICAS ratings. 




BEAM POWER TUBE 

Thoriated-tungsten-filament type 
used as rf power amplifier and oscilla- 
tor. May be used with full input up to 
30 Mc. For operation at 50 Mc, plate 
voltage and plate input should be re- 



814 
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duced to 80 per cent; at 75 Mc, to 64 per cent. Class C Telegraphy maximum plate 
dissipation,. CCS 50 watts, ICAS 65 watts. Requires Small five-contact socjce^ and 
may be operated in vertical position with base down, or in horizontal position with 
pins 2 and 4 in vertical plane. Outline 51, Outlines Section. Plate shows no color 
when tube is operated at maximum CCS ratings, and shows a barely perceptible 
red color at maximum ICAS ratings. 



Filament Voltage (ac/dc) 

Filament Cukbbnt 

Transconductance (For plate current of 39 miUiamperes) , 

DntscT iNTBRSXECTnoDB Cafacitancbs: 

Grid No.X to plate .., 

Grid No.l to filament, grid Ko.3, and grid No.2 

Plate to filament, grid No.3, and grid No.2 



10 
3.25 
3300 

0.15 max 
13.5 

13.5 



RF POWER AMPLIFIER AND OSCILLATOR— Clau C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 



Maximum Ratings: 

DC Plate Voltage .... 
DC (Jrid-No.2 Voltage , 
DC Grid-No.1 Voltage 
DC Plate Current. . . . 
DC Grid-No.1 Current. 

Plate Input 

GaiD-No.2 Input 

Platb IHsbipatioh 



volts 
amperes 



CCS 


ICAS 




1250 max 


1500 max 


volts 


400 max 


400 max 


volts 


-300 max 


-300 max 


volts 


150 max 


150 max 


ma 


15 max 


15 max 


ma 


180 max 


225 viax 


watts 


10 max 


10 max 


watts 


50 max 


, 65 moat 


watts 



TWIN BEAM POWER TUBE 

Q^C Heater-cathode type used as af 

O I J power amplifier and modulator and as 

rf power amplifier and oscillator. May 

be used with full input up to 125 Mc. 

For operation at 175 Mc, plate voltage 
and plate input should be reduced to 80 per cent of ma3dmum ratings; at 200 Mc, 
to 70 per cent. Class C Telegraphy maximum plate dissipation (per tube), CCS 20 
watts, ICAS 25 watts. Requires Octal socket and may be operated in any position. 
Outline 24, Outlines Section. Plates show no color when tube is operated at mari- 
mum CCS or ICAS ratings. 




Heater Arrangement Series Parallel 

Heater Voltage (ac/dc) 12.6 6.8 

Heater Current 0.8 1.8 

TranscONDUCTANCB (Each unit, for plate current 

of 25 milliamperes.) 4000 

Mu-Factor, GridNo.Zto GridNo.1., (Each unit) 6.5 

Direct Interblectrodb Capacitances (Each unit) : 

Grid No.l to plate .■ 0.25 max 

Grid No.l to cathode, grid No.3, intemat shield, 

grid No.2, and heater mid-tap 14 

Plate to cathode, grid No.3, internal shield, 

grid No.2, and heater mid-tap 8.5 

PUSH-PULL AF POWER AMPLIFIER AND MODULATOR— Class AB2 
VoJuM are on a per-tubt basis 



volts 
amperes 

Mmhos 



Maximum Ratings: 


CCS 


ICAS 






400 


max 


500 


max 


volta 




225 


max 


225 


max 


volts 




. . 150 


max 


150 


max 


ma 






max 


T6 


max 


watts 






max 


4.6 


max 


watts 






tnax 


25 


max 


watts 


Peak Heater-Cathode Voltage: 
















max 


100 


max 


V0lt3 




100 


max 


100 


max 


. rolts 



* Areraged over any audio-frequency cyde of sine-wave form. 
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PUTE-MODULATED PUSH-PULL RF POWER AMPLIFIER— Cfaw C Telephony 



Maximum Ratings: 


CCS 


ICAS 








400 max 


VOltB 






225 max 


volts 






-175 max 


votta 






160 max 


ma 






7 max 


ma 






60 max 


watta 






4 max 


.watts 






20 max 


watta 


Peak HBATEa-CATHOiffi Voltage: 








Heater negative with reapect to cathode. 




100 mtofi 


volts 


Heater positive wltii respeet to cathode. , 




100 max 





Maximum Circuit Values: 

Grid-No. 1-Circuit Resistance 15000 max phihs 



PUSH-PULL RF POWER AMPLIFIER AND OSCILLATOR—Class C Talegraphy 

PUSH-PULL RF POWER AMPLIFIER— Claw C FM Telephony 

Maximum Ratings; cCS ICAS 

DC Plate Voltaue. 400 max 500 max 

DC Grid-No.2 Voltagb 225 max 225 wtaj: 

DC Gbid-No.1 Voltage -175 max -175 max 

DC PU.TB Current 150 max 150 max 

. DC 6Rn>'No.l Current 7 jikkb 7 max 

Plate Input 60 max 75 max 

Grid-No.2 Input 4.5 max 4.5 max 

Plate Dissipation 20 max 25 viax 

Peak Heater-Cathode Voltage: 

Heater negative with reapect to (»thode 100 max 100 max 

Heater po^tive wltb respect to cathode 100 mux 100 max 

Maximum Circuit Values; 

Gritl-No.l-Circuit Itesiatance , 15000 max 



volLa 

VOitB 

volts 
ma 
ma 
^tts 
watts 
watta 

volts 
volts 



ohms 




HALF-WAVE 
MERCURY-VAPOR RECTIFIER 

Coated-filament type used in 
power supply of transmitting and in- 81 A 

dustrial equipment. Maximum peak 
inverse anode volts, 7500; maximum 
average anode milliamperes, 125. Re- 
quires Small four-contact socket and may be operated in vertical position only, base 
down. Outline 27, Outlines Section. ■ ' 

FiiJjaBNT Voltage (ac)* , 25 volts 

Filament CuMitBNT a'.O amperes 

Tube Voltage Drop (Approx.) 15 volts 

" Filament voltage must be applied at least 10 seconds belore tlie application of anode voltage. 

HALF-WAVE RECTIFIER 
Maximum RafVigs (I^or power-mp])ly frequency of SO cps): 

Peak Inverse Anode Voltage 7500 max volts 

Anoob Cukrent: 

Peak 500 ,„„j- 

Averagei 125 i»ax 

Fault, for duration of 0.1 second maximum 5 max __ 

CONDBN^^MBROUBY-TSMraRATURB RANGE 20 to (ill " ' •C 

■i. A^twased OT(»r any interral of 30 seconds maximum. 



ma 
ma 
ampores 
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RCA Transmitting Tubes 



Operating Values: 

Circuit 
(For circuit figures, refer to 
Rectifier Considerations 
S«ctioii) 

Half- Wave Single-Phase. . 
Full- Wave Single-Phase. . , 

Series Sincle-PhBM , 

Half-Wave Three-Phase . . 



Parallel Three-Phase 

Series Three-Phase 

Half-Wave Four-Phaae. . 
Half-Wave Six-Phase 

* Resistive load. 



Max. Trans. Approx. DC 

Sec. Volts OuAut Votti 

{RMS) To FOUr 

Fig. E Eav 

In-Phose Operation 

S7 SSOe 2400 

68 2600 2400 

59 6800 4800 

60 3000 8600 
Quadrature Operation 

61 30O0 3600 

62 8000 7200 

63 2600 3600 

64 2600 S600 



Max. DC 
Outpat 



0.125 
0.260 
0.260 
0.760 

1.6 

0.76 
0.45* 0.5° 
0.47* 0.6" 



Mox. DC 
Output KW 
T9FiU$T 
Pde 

0.3 
0.6 
1.2 
2.7 



6.4 

6.4 
1.66* 1.76° 
1.70* 1.80° 



° Inductive load. 



POWER TRIODE 



826 




T ho riated-tungsten- filament type used as 
rf power amplifier and oscillator. May be used 
with full input up to 260 Mc and with reduced 
input up to 300 Mc. Requires Sep tar seven- 
contact socket and may be operated in vertical 
position only, base up or down. Outline 16, 
Ov^H/nu Section. Filamerit volts (ac/dc), 7.5; 
anqwfW, 4. Direct interelectrode capacitances: 
grid to plate, 3 nnU grid to filament, 3 fifit, plate 
to filament, 1.1 ^nt. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR. Class 
C Telfigraphy with forced-air cooling: dc plate volts, 1000 max; dc grid volts, -600 max; dc plate milli- 
amperes, 125 viax; dc grid milliaraperes, 40 max; plate input, 125 max watts; plate dissipation, 60 max 
watts. Plate shows an orange-red color when-tube ia operated at maximum CCS ratings. The 826 is a 
DISG0NTINX7£Z> type Uated for reference only. 

BEAM POWER TUBE 

Forced-air-cooled type having 
thoriated-tungsten filament and in- 
tegral radiator used as rf power am- 
plifier and oscillator at frequencies up 
to 110 Mc. Class C Telegraphy maxi- 
mum CCS plate dissipation, 800 watts. 
May be operated in vertical position only with grid-No.l and filament terminals 
up. Outline 93, OuUines Section. 

Filament Voltage (ac/dc) 

Filament Current 

FiLAUBNT Starting Currbnt 

Mu-Factor, Grid No.2 to Grid No.1* 

DntBCT iNTBRBLBcnumB Capacitancbb (With external shieldine): 

Grid No.t to plate 

Grid No.l to Qiament and grid No.2 

Plate to filament and grid No.2 

Radiator Temperature (Measured on core at end away from incoming air) 

Bulb Temperature, At hottest point 

S£AL Temfbbature: (Filament and grid No.l) 

*fUte v<At3h 26gO; Krid-Mo.2 v<dts, 1100; plate BdHiunpen*, 860. 



827R 




7.5 


volts 


25 


amperes 


60 VMX 


anywes 


16 





0.19 max 

18.5 
11 
150 max 
150 max 
175 max 



nut 

nut 

°c 



RF POWBt AMPUFiER AND OSCILLATOR— Gasi C Telegraphy 

and 

RF POWER AMPUFiER— Ciau C FM Telephony 

Maximum CCS Ratings: 

DC Plate Voltage 

DC Grid-No.2 Voltagb 

DC Grid-No.1 Voltage 

DC Plate Current 

DC Grid-NcI CUBRS4T 

Plate Input 

Grid-No.2 Input 

Plate Dissipation 



3500 max 


volts 


1000 max 


volta 


-500 max 


volts 


500 max 


ma 


150 max 


ma . 


1500 max 


watts 


150 max 


wetti> 


800 max 


watb 
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BEAM POWER TUBE . 

Thoriated-tungsten-filament type used as 
af power amplifier and modulator and aa rf 

power amplifier and oscillator at frequencies up 
to 75 Mc. Filament volts (ac/dc), 10; amperes, fiOft 
3.25. Direct interelectrode capacitances: grid 
No.l to plate, 0.07 max fiftt; grid No.l to fila- 
ment, grid No.3, and grid No.2, 12 M^f ; plate to 
filament, grid No.3, and grid No.2, 14 fifit. Maxi- 
mum CCS ratings as RF POWER AMPLI- 
FIER AND OSCILLATOR: dc plate volts, 1250 jnax; dc grid-No. 3 volts, 100 ?nax; dc grid-No.2 volts, 
400 max; dc grid-No.l volts, -300 max; dc plate ma., 160 max; dc grid-No. 1 ma., 15 viax; plate input, 
200 max watts; grid-No. 3 input, 5 71103; watts; grid-No. 2 input, 16 max watts; plate dissipation, 70 max 
watts. Requires Small five-contact socket and may be operated in vertical position with base down, or 
in horizontal position with pins 2 and 4 in vertical plane. Outline 51, Outlines Section. Plate ahowfl no 
color when tube is operated at maximum CCS ratings, and shows a barely perceptible red color at maxi- 
mum ICAS ratings. The 828 is a DISCONTINUED type liated for reference only. 





829B 



TWIN BEAM POWER TUBE 

Heater-cathode type having mid- 
tapped heater used as af power ampli- 
fier and modulator and as rf power 
amplifier and oscillator. May be used 
with full input up to 200 Mc. For oper- 
ation at 250 Mc, plate voltage and plate input should be reduced to 89 per cent of 
maximum ratings. Class C Telegraphy maximum plate dissipation (per tube) with 
natural cooling, CCS 30 watts, ICAS 40 watts; with forced-air cooling, CCS 40 
watts, ICAS 45 watts. Requires Septar seven-contact socket and may be operated 
in vertical position with base up or down, or in horizontal position with pins 2 and 6 
in horizontal plane. Outline 22, Outlines Section. Plates show no color when tube 
is operated at maximum CCS or ICAS ratings. 



Heater Arrangement Series ParaJM 

Heater Voltage (ac/dc) / 12.6 6,8 

Heater Current 1.126 2.26 

Transconductance (Each unit)* 8500 

Mu-FactOR, Grid No.2 to Grid No.l (Each unit)**. 9 

Direct iNTBRBLEcritoDE Capacitances (Each unit):" 

Grid No.l to plate 0.12 max 

Grid No.l to cathode, grid No.3, grid No,2, and heater mid-tap 14 ,5 

Plate to cathode, grid No.3, grid No.2, and heater mid-tap ^ 

* Plate volts, 250; grid-No.2 volts, 175; plate miUiamperes, 60. 
** Piute and grid-No.2 volts, 225; plate miUiamperes, 60. 

* With external ahi^ up to fiange sieal. 

PUSH-PULL AF POWER AMPUFIBR AND MODULATOR— Clas» Afli 
Valtut are on a per-iube basia 

Maximum CCS Ratingi: 

DC Plate Voltage ., 750 max 

DC Grid-No.2 Voltage 225 max 

Maximum-Signal DC Plate Current" 250 max 

Maximum -Signal Plate Input" 100 max 

Maximum-Signal GniD-No.2 Input" 7 thoc 

Plate Dissipation" 30 max 

Peak Heatbk-Cathodb Voltagd: 

Heater native with respect to calAiode 100 max 

Heato- positive with respect; to cathode lOo max 

Bm^ TBMPBBATURB 235 max 



molts 
amperes 
jtmhos 



wit 



Natjural Cooling 



Typical Operationi 

DC Plate Vtdtage 

DC Grid-No.2 Voltage* 

Grid-No.l Voltage 

AF Grid-No.l-to-Grid-No.1 Voltage. 



600 
200 
-18 
S6 



volts 
volts 
laa 

watts 
watts 
watts 

volts 
volts 



volts 
volts 
volte 
votts 
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RCA Transmitting Tubes 



Zero-Signal DC Plate Current 

Maximum-Signal DC Plate Current 110 ma 

Zero-Signal DC Grid-No.2 Current 4 tm 

Maximum-Signal DC Grid-No.2 Current 26 ma 

Effective Load Resistance (Plato to plate) 18760 ohm» 

Maximum-Signal Drivine Power 0 watts 

Maximum-Signal Power Output watts 

Maxiimim Circuit Values: 

Giid^NoA-CireuitJU^Btanee: 

Porfixeddrfas operathm: . a.l imw meKohm 

For cathode-biaa operation Not re«>tiimeiuied 



' Averaged ovev any audio-Irequracy cyde of nne-wave form*- - 

t Obtained preferably from a Beparate source, or from the plate-voltage supply with a volftigr divider. 



PLATE-MODULATED PUSH-PULL RF POWER AMPUFIER— Cloji C Telephony 

Naturol Cooling Forcsd-Atr Cooling 



Maximum Ratings: 


CCS 


WAS 


CCS 


WAS 






600 max 


600 max 


600 max 


600 tnax 


volts 




226 ntax 


225 max 


225 max 


250 max 


v<dts 




-176 max 


-175 max 


-175 max 


-175 -inax 


volts 




212 max 


212 max 


212 max 


240 max 


ma 




16 max 


15 llKI^C 


15 maj^ 


20 max 


ma 




67.5 viaj: 


!>0 max 


90 max 


120 max 


watts 




7 mnj: 


7 max 


7 moa; 


8 J/iax* 


watt3 


Plate Dissipation 


21 max 


28 viax 


28 max 


40 max 


watts 


Peak Heateii-Cathode Voi.tagb: 












Heater negative with rrapect to 












cathode 


100 max 


100 taax 


100 max 


100 max 


volts 


Heater positive with respect to 














100 max 


100 max 


100 mox 


100 max 


volts 




236 max 


236 max 


286 max 


236 max 




Typtcat OperoHon: 












DCTIate Voltage. : 


600 


425 600 


425 600 


000 


volts 


DC Grid-No.2 Voltage* 


190 


200 200 


200 200 


200 


volts 



Prom series resistor of 32000 11000 25000 11000 25000 20000 ohms 

DO Grid-No.l Voltage o -RO -fiO -60 -CO -GO -70 volts 

V^^im grid-No.l resistor of 15000 4300 8600 4300 8600 5400 ohms 



AVERAGE PLATE CHARACTERISTICS 

EACH UNIT 




400 SOO 
PLATe VOLTS 



MO 

•tCM-SlltT4 



Peak RF Grid-No.l-to-Grid-No.1 

Voltage 188 

DC Plata Current. 112 

DC Grid-No.2 Current 13 



160 144 160 144 180 volts 

212 160 212 150 200 ma 

21 16 21 16 20 mil 
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Technical Data 



-DCGrid-No.l Current (Approx.). . 4 14 7 14 7 13 jna 

DiivltiK Power (Approx.) 0.3 1 0.6 1. 0.5 1.1 .watf» 

Power Output (Approx.) 60 63 70 $8 70 ;90 ^ta 

Maximum Circuit Values (CCS or ICAS conditions): 

G rid-No. l-Circuit Resistance 15000 max ohms 

' In ICAS applications, at tre(iuen<.-it'3 less tlian 20 Mc, where the duty factor does not exceed 0.2, 
maximum "on" period does not exceed 30 seconds, and average modulation factor does not exceed 
0.25, maximum grid-No.2 input of 12 watts ia permitted. 

t Obtained preferably from separate source modulated along with the plate supply, or from the modu- 
lated plate supply through aeries resistor of value shown. 

6 Obtained from grid-No.! resistor of value shown or from a combination of grid-No.! resfator with 
ritfaer fixed supply or cathode resistor. 



PUSH-PUIL RF POWtR AMPUFIER AND OSaiLATOR— Oaw C Telegraphy 

and 

PUSH-PULl RF POWER AMPllFtER— Class C FM Telephony 





Values are on u per-tube basis 










Natural Cooling 


Forced-Air Cooling 




Maximum Ratingsi 


CCS 


ICAS 


CCS 


WAS 






750 max 




750 max 


760 max 


volts 


DC Gira>-No.2 Voltage 


22S max 


226 max 


226 max 


260 max 


volts 


DC Grid-No.1 Voltage 


-175 max 


-17S-BKH! 


-175 max 


-175 max 


VcdtB 




240 max 


240 max 


240 max 


240 max 


ma 




15 max 


15 max 


15 viax 


20 max 


ma 




90 max 


120 max 


120 max 


150 max 


watts 




7 max 


7 max 


7 ma x 


8 max 


watts 


Plate Dissipation 


SO max 


40 max 


40 max 


45 max 


wtttte 


Peak Heater-Cathode Voltage: 












Heater negative with respect to 














100 max 


100 max 


100 max 


100 max 


volts 


Heater positive with respect to 














100 max 


100 max 


100 max 


100 max 


volU 




266 max 


266 max 


236 max 


236 max 


"C 



TYPICAL CHARACTERISTICS 

EACH UWT 



ty 

SCF 
CRI 


a 

= 12. 
HES 

>-N« 


29- 
8 VO 
HEA 
Z V 


B 
LTS 
rER 
3LTS 


= 20( 
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MEN 


t 
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<y 
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-TS ( 


C,= 


*25 






V 








— r- 
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+ 10 

































TYPICAL CHARACTER1STJC3 

EACH UMIT 



l«0 



EI20 



^ to 



40 



TYPE 829-B 
E*= I2.» VOLTS 

MRtES HEATER ARRANCCMCNT 
CRID-N18 VOLT5=200 




pwre VOLTS 

«tCS-etl4T4 



so . too tw 

PtATt VOLTS 

«2C»-M0«T 



200 



Typical Operationi 

DC Plate Voltage 750 500 750 500 750 750 volts 

DC Grid-No.2 Voltage* 190 200 200 200 200 200 volts 

From series resistor of 40000 13000 32000 13000 32000 27500 ohms 



Ul 



RCA Transmitting Tubes 



0C Grid-No.l Voltage^ -50 -45 -50 -45 -50 -50 . vcAiM 

From ttrid-No.l resistor of.,. . . 12500 3000 7200 3000 7200 4200 ohma 

From cathode reaiator of 360 170 270 170 270 200 ohma 

Peak RF Grid-No.l-to-Griii-No.l 

Vottagf 116 128 124 128 124 1S4 TOltS 

DC Plate Current 120 230 160 230 160 200 ma 

DC Gnd-No.2 Current. . 14 23 ■ 17 23 17 20 ma 

DC Grid-No.l Current (Approx.) 4 15 7 15 7 12 ma 

Driving Power (Approx.) 0.3 0.9 0.4 0.9 0.4 0.8 watt 

Power Output (Approx.) 70 83 90 88 90 115 watta 

Maximum Circuit Values (CCS or ICAS conditions}; 

Grid-No.l-Cu-.ruit Rfiaistimct; 15000 max ohma 

* Obtained preferably from separate aource. from plate-voltage supply with a voltage divider, or 
through aeriea relator of rilown. The Brid-No.2 voltage muat not exceed 600 volts undw key-up 

conditiona. 

^ Obtained trom fixed supply, grid-No.! reaiator, by cathode reaiator, or by combinatieii methods. 




POWER TRIODE 

TIioriated-tungatonTfilament type used aa 
af power amplifier and modulator and as rf 
power amplifier and oscillator. May be used ^*'(2 
with full input up to 15 Mc and with reduced 
input up to 60 Mc. Requires Small four-contact 
Q ^^Jn socket and may be operated in vertical position 

with base down, or in horizontal position with 
pina 1 and 4 in vertical plane. Outlinb 46, Out- i i 

lines Section. Plate shows no color when tube is ^ ^ 

operated at maximum CCS ratings. The 830B 
ia used principal^ for renewal purposes. 

FlLAMBNT VOLTAGK (AC/DC) 10 

Filament Current 2 

Amplification Factor ■ 25 

Direct lNrEREL,ECrB(H>B CaPACITANCW: 

Grid to plate H 

Grid to filament 5 

Plate to filament 1,8 

Closs B Class C 

Maximum CCS Ratingj: Modulator Tetagrophy 

DC Plate Voltage 1000 max 1000 max 

DC Grid Voltage ; -300 max 

DC Plate Current 150*" max 150 max 

DC Grid Current 30 max 

Plate Input ISO*" max 150 max 

Plate Dissipation 60 max 60 max 

• For maximum-signal conditiona. 

" Averaged over any audio-frequency' cyde of sine-wave form. 



TWIN BEAM POWER TUBE 

_ _ _ Heater-cathode type having mid- 

OOxA tapped heater used as rf power ampli- 

fier and oscillator. May be used with 
full input up to 200 Mc. For operation 
at 250 Mc, plate voltage and plate 
input should be reduced to 89 per cent of maximum ratings. Class C Telegraphy 
maximum plate dissipation (per tube), CCS 15 watts, ICAS 20 watts. Requires 
Septar t^even-contact socket and may be operated in any position. Outline 12, 
Outlines Section. Plates show no color when tube is operated at maximum CCS or 
ICAS ratings. 



volta 
ampwea 



Hfil 



volta 
Ttdts 
ma 

ma 
watts 
watts 




HbATEFI AltH\N';E-MGNT 

Heater Voltage (ac/dc) 



Series 
12.6 



Parallel 
6.3 



volts 
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Technical Data 



HBATSR CUTtllENT 


0.8 


1.6 


aroperes 




3500 




lumhoB 


Mu-Pactob, Grid No^ to Grid No.l (Each unit)** 


6.6 






QiBoCT Intbue}lectrode CAPACITANCES (Each unit):° 












Itid 


. Grid No.1 to cathode, grid No.3. grid No.2, and heater 












Ilia 


Plate to cathode, grid No.3, grid No.2, and heatw mid- 
















Grid No. 2 to cathode (induding internal Grid-No. 2 by- 








«5 




itid 


Plate voll3, 250; grid-No.2 volts, 135; plate railliamperea, SO. 






** Plate and grid-No.2 volta, 250; plate milliamperes, 30. 








° With external shield In plane of seal flange. 








PUTE-MODULATED PUSH-PULL RF POWER AMPUFIER— Cla 


ss C Telephony 




Maximum Ratings: 


CCS 


ICAS 






600 max 


Ovv TnQV 


volts 




260 max 


250 max 


VOltl 




-176 mow 


-176 max 


volts 




75 Tuax 


95 max 


ma 




' 6 max 


6 max 


ma 




22 max 


36 max 






3.4 max 


5 max 


watts 


Plate Dissipation 


10 max 


15 max 


watts 


Peak Heatbu-Cathode Volta(;e: 










100 max 


100 max 


volts 




100 max 


100 max 


volts 




200 ?tiux 


200 max 


°C 


Typical Operation: 










425 600 


600 


Vidta 




200 200 


200 


volts 




14000 25000 


20000 


ohms 




-60 -65 


-70 


volts 




25000 25000 


23000 


obms 


Peak RF Grid-No.l-to-Grid-No.l Vdti«e 


140 . 150 


160 


v<dts 




52 36 


60 


ma 


DC Grid-No.2 Current 


16 16 


20 


ma 




2.4 2.fi 


3 


ma 




0.15 0.18 


0.21 


watt 




16 17 


26 


watte 


Maximum Circuit Values (CCS or ICAS conditions): 












25000 max 


ohms 



i Obtained preferably from separate source modulattid along with the plate supply or from the modu- 
lated plate supply through series resistor of value shown. 

d) Obtained from grid-No.l resistor of value shown or from a coi^bination of grid-No.l resistor with 
wUhef &tsd supply or cathode redstor. 



PUSH-PULL RF POWER AMPUFIER AND OSCILLATOR— Class C Telegraphy 

and 

PUSH-PULL RF POWER AMPUFIER— Class C FM Telephony 



Maximum Ratings: 


CCS 


ICAS 








750 max 


volts 






260 max 


volts 






-175 max 


volts 


DC Plate Cuhiient 




115 max 


ma 






6 max 


ma 






60 fflox 


watts 






6 max 


watts 






20 max 


watts 


£^AK HEATSR^ATHCmB VOLTAOBI 












100 max 


.vtrfts 






100 max 


volts 






200 max 


. *G 


Typical Operation! 












7S0 
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RCA Transmitting Tubes 



DC Grid-No.2 Voltage^"' ■ 200 200 200 voUa 

From serifs r.sistor of 21000 37000 25000 ohms 

DC Gri(i-No.l VolLagft'^ -65 -fi5 -50 volta 

From grid-No.l resistor of 25000 23000 12500 ohms 

From cathode resistor of 730 1000 550 ohma 

Teiik RF Grid-No.l-Lo-Grid-No.l Voltage 150 150 ISO volta 

DC ['liit<> Current 72 48 66 ma 

DC Grid-No.2 Current U 15 22 ma 

DC Grid-No. 1 Current (Approx.) 2.6 2.8 4.0 ma 

Driving Power (Approx.) 0.18 0.19 0.24 watt 

Power Output (Approx.) 26 26 85 watta 

Maximum Circuit Values (CCS or ICAS conditions)) 

Grid-No.l-Circuit Reaiatance 26000 max ohna 

• ObUined from separate source, from plate-voltage supply with a voltage divider, or from a-rics 
reristor of value shown. The grid-No.2 voltage must not exceed 600 volta undo* key-up conditions. 

* Obtained from fiied sup^y, by grid-No.l resistor, by cathode resistor, or by comWnatioh methods. 



2» 



^5 



-I — r 



TYPICAL CHARACTERISTICS 
EACH UNIT 

-T — I — i — I — r 

__TVPE 832-A 

E^=I2.6 VOLTS 
— SERIES HEATER ARRANGEMENT— 
GR10-Na2 VOLTS: 250 
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^ ^ POWER TRIODE 

Thoriated-tungsten-filament type Q Q O A 

used as af power amplifier and modu- OwwA\ 
r\ /F lator and as rf power amplifier and os- 

dllator. May be used with full input 
up to 30 Mc with natural cooling (20 
Mc with forced-air cooling), and with reduced input up to 75 Mc. Class C Teleg- 
raphy maximum plate dissipation with natural cooling, CCS 300 watt8,-ICAS 350 
watts; with forced-air cooling, CCS 400 watts, ICAS 450 watts. 

Filament Voltage (ac/dc) 10 volu 

Filament Current 10 amperes 

Amplification Factor* 35 

Direct Interblbctrodb Capacitancsb: 

Grid to plate 6.3 iiid 

Grid to filament 12 . 3 wuf 

Plate to filamoit 8.5 mA 

* Grid yalta, -10; plate milliamperw, 200. 



Natural Cooling 


Forced-Air Cooling 




CCS 


ICAS 


CCS 


ICAS 




3000 max 


3300 max 


4000 max 


4000 max 


reita 


500 max 


MO max 


600 max 


500 max 


ma 


1125 max 


1300 max 


1600 max 


1800 max 


WBttS 


300 max 


8E0 max 


400 max 


460 max 


watU 



AF POWER AMPLIFIER AND MO.DULATOR-<lass 8 

Maximum Ratings; 

DC Plate Voltags 

maxiuum--sigmal dc plate cur- 

kbst' 

Maximum-Signal Plate tvtpvr' . 
Platb Dhsipation" 

Typical Operation {Values are for two tubes): 

DC Plate Voltage 

DC Grid Voltaget 

Peak AF Grid-to-Grid Voltage. , . 

Zero-Signal DC Plate Current 

Mazimum-Siicnal DC Plate Cur- 
rent 

Effective Load Resistance (Hate 
to idate) 

Maximam-Signal Driving Power 
(Apinwc.) 

Mazimom-Slsiuti Power Output 
(Approx.) 

* Averaged over any at^o-frequency eyde of «ne-wave form. 

^ For Bc filamNit supply. 

AVERAGE PLATE CHARACTERISTICS 

T 



3000 


3300 


4000 


4000 


volts 


-70 


-80 


-100 


-100 


volts 


400 


440 


480 


510 


volts 


100 


100 


100 


100 


ma 


750 


780 


800 


900 


ma 


9500 


10500 


12000 


11000 


ohau 


20 


30 


29 


38 


watti 


1660 


1900 


2400 


2700 


watts 




2000 2&00 3000 3JO0 4000 

PLATC VOLTS (Cb) tSCM-MttT 
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PUTE-MODULATED Rf POWER AMPLIFIER— Class C Telephony 

Natural Cooling Forced-Air Cooling 

Maximum Ratings: CCS ICAS CCS ICAS 

DC Plate Voltage 2500 max 3000 viax 3000 mux 4000 max volta 

DC CJrid Voltage SOQ max -'MO max -500 max -500 mux volts 

DC Plate Curubnt 400 max 400 max 450 max 450 max ma 

DC Grid Current 100 max 100 mux 100 max 100 wiua; ma 

Platb Input 836 max 1000 max 1250 max 1800 max watti 

Plate Dissipation 200 max 260 max 270 max 350 max watts 

Typical Operationi 

DC Plate Voltage 2500 3000 3000 4000 volts 

DC Grid Voltage i -300 -240 -300 -325 volts 

From grid resistor of 4000 3400 3f!00 3(;00 ohms 

Peak RF Grid Voltage 4«0 410 4i)0 520 volts 

DC Plate Current 335 335 415 450 ma 

DC Grid Current (Approx.) 75 70 85 90 ma 

Driving Power (Approx.) 30 26 37 42 watts 

Power Output (Approx.) 'j35 800 1000 1500 watts 

i) Obtained from grid resistor of value shown or from a combination of grid resistor with either fixed 
■upply or cftthode resiatar. 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegrophy 

onct 

RF POWER AMPLIFIER— Class C FM Telephony 





Naturol C 


ooling 


Forced-Air Cooling 




Maximum Ratingj: 


CCS 


rCAS 


CCS 


ICAS 






3000 


max 


3300 


max 


4000 max 


4000 max 


volta 


DC Grid Voltage ; . 


-500 


max 


-500 


mux 


-500 max 


- 500 max 


volta 




500 


mux 


500 


■max 


500 max 


500 max 


ma 






max 


100 


n'.ax 


100 max 


100 max 


ma 




1250 


max 


1500 max 


laOO max 


2000 max 


watta 


Plate Dissipation 


300 max 


350 


max 


400 7nax 


450 max 


watts 


Typical OperaKoni 
















DC Plate Voltage 


2250 


3000 




3000 


4000 


4000 


volts 




-125 


-200 




-155 


-200 


-226 


volts 


From grid resistor of 


1500 


3600 




2160 


2660 


2400 


ohms 


Prom cathode reBiator of ... . 


235 


425 




270 


380 


880 


ohma 


Peak RF Grid Voltage 


300 


360 




350 


375 


416 


volta " 


DC Plate Current 


445 


415 




500 


450 


500 


' ma 




85 


55 




70 


75 


95 


ma 


Driving Power (Approx.) 


23 


20 




25 


2G 


35 


watta 


Power Output (Approx.) 


780 


1000 




1150 


1440 


ItiOO 


watts 



* Obtained from fixed nipply, by grid resistor, by cathode resistor, or by comliiiiatioD methods. 

OPERATING CONSIDERATIONS 

Type 833A requires special mounting and may be operated in vertical position 
with filament end up or down, or in horizontal position vnth all teiminals in same 

vertical plane. Outline 58, Outlines Section. 

For operation with natural cooling at 50 Mc, plate voltage and plate input 
should be reduced to 90 per cent of maximum ratings; at 75 Mc, to 72 per cent. For 
operation with forced-air cooling at 60 Mc, plate voltage and plate input should be 
reduced to 83 per cent of maximum ratings; at 75 Mc, to 65 per cent. 

With forced-air cooling, an air flow of 40 cubic feet per minute from a 2-inch- 
diameter nozzle directed vertically on the bulb between grid and plate seals is re- 
quired to limit the temperature between these seals to 145°C. 

When the 833-A is used in the final amplifier or a preceding stage of a trans- 
mitter designed for break-in operation and oscillator keying, a small amount of 
fixed bias must be used to maintain the plate current at a safe value. With a plate 
voltage of 4000 volts, a fixed bias of at least -90 voltashould be used. 

Plate shows an orange-red color when tube is operated at maximum CCS.or 
ICAS ratings. 
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TYPICAL CHARACTE«ISTfC5 




400 " 90O " 1200 SW 
PLATE VOt-TS 




l»OWERTR]ODE 

Thoriated-tungsten-filament type 
used as rf power amplifier and osdl- fiS^l 
lator. May be used with full input up ■ 
\r<:^_^4) to 100 Mc. For operation at 170 Mc, 
f wr plate voltage and plate input should 

be reduced to 80 per cent of maximum ratings; at 350 Me, to 53 per cent. Class C 
Telegraphy maximum CCS plate dissipation, 50 watts. Requires Small four-contact 
socket and may be operated in vertical position only, base up or down. Outline 47, 
Outlines Section. Plate shows an orange-red color when tube is operated at maxi- 
mum CCS ratings. 

FiLAHBNT Voltage (ac/dc) 7.B volta 

Feluibnt CuBBBHT 3.1 wmperw 

AuniincATioN Factor 10 . 6 

Direct iNTEatELBCTRODB CAPACITANCBEIt 

Grid to plate ' 2.4 wrf 

Grid to fllameat 2.2 n^I 

Plate to ffl^neat 0,6 Mit 

RF POW€R AMPLIFIER AND OSCILLATOR— Claw C T.Ugraphy 

and 

RF POWER AMPUHER— Claw C FM UUpteny 

Maximum CCS Rotingii 

DC Plate Voltaob 1250 ma* volti 

DC Grid Voltage -400 max voU» 

DC Plate Current , lOO max ma 

DC Grid Current 20 max ma 

Plate Input 125 max watu 

Plate Dissipation SO max watta 




POWER TRIODE 

Thoriated-tungsten-filament type used aa 
af power amplifier and modulator and as r( 
power araplifier and oscillator. May be uaed 
with full input up to 20 Mc and with reduced 
input up to 100 Mc. Requires Jumbo four- 
contact aockf't and may be operated in vertical 
position with base down, or in horizontal posi- 
tion with pins 1 and S in vertical plane. OuTUNS 
52, Ofittinea Seetion. Direct interelectrode ea- 



835 
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pacLtaiii^ee: griii to plat*?, '.1.25 ;i;if ; grid to filament, 6 dilI; plato to tilaraent, 5 (ijif. Plate aho-cvs a barfly 
perceiniblo red color -^hf^n tube is operated at maximum CCS ratinir;^. Esiccpt for interelectrode capac- 
itanccB, the 835 is identical with DISCONTINUED type 21 1. The S35 is a DISCONTINUED type 
"tfaMsd tor reteraiee only-^ 

HALF-WAVE 

VACUUM RECTIFIER "W^^*^ 

Heater- cathode type having two 
cathodes used in power supply of 
transmitting and industrial equip- 
ment. Maximum peak inverse plate — ^ K^-^ 
volts, 5000; maximum average plate 
amperes, 0.25. Requires Small four-contact socket and may be operated in any 
position. Outline 44, Outlines Section. The 836 has two separate cathodes, each of 
which is connected to its respective heater terminal. Plate-circuit return should be 
made to the mid-tap of the heater transformer. 

riEATEii Voltage (ao)* .-. 2.6 viHUi 

Hbatbb CuHRENT , 6.0 amperes 

HALF-WAVE RECTIFIER 

Maximum Ratings: 

Peak Ikvehse Plate Voltagb 6000 max volts 

Plate Current: 

Peak 1 max ampere 

Averase 0.26 max ampere 

Fault, for duratioa of 0.1 second maxtmuni 6 max amperes 

* HeatflR voltage should be applied appr(»dmatety 40 seeonda betore the application of pUkUt voltace. 

BEAM POWER TUBE 

Heater-cathode type used as rf 
O'Q'jr power amplifier and oscillator. May be 

used with full input up to 20 Me. For '»*^ 'X'-'^k 
operation at 40 Mc, plate voltage and ^ 
plate input should be reduced to 76 ^» 
per cent of maximum ratings; at 60 Mc, to 62 per cent. Class C Telegraphy maxi- 
mum CCS plate dissipation, 12 watte. Requires Medium seven-contact socket and 
may be operated in any position. Outline 34, Outlines Section, except has no 
bayonet pin. Plate shows no color when tube is operated at maximum CCS ratings. 

Heater Voltage (ac/dc) 12 . G volts 

Heater Curreujt 0.7 ampere 

Transconductancb (For plate current of 24 milliamperes) 3400 ^imhoi 

Direct Intekelectiiode Capacitances: 

Grid-No.l to plate (With extftrnat shielding) 0.20 max it)4 

Grid No.l to cathode, grid No. 3, grid No. 2, internal shield, and heater. . . 16 

Plate to cathode, grid NoJ), grid No.2, internal shield, and heater 10 

RF POWER AMPLIFIER AND OSCILLATOR— CIok C Telegraphy ^ 

and 

RF POWER AMPUFIER—Clasi C FM Telephony 

Maximum CCS Ratings: 

DC Plate Voltage 500 max viAtM 

DC Grid-No.3 Voltage 200 max volts 

DC Gr1D-No.2 Voltaqe 200 max volts 

DC Gkid-No.1 VoLTAOH -200 max volta 

DC Plate Current SO max ma 

DC GKlt>-No.l CUBMBNT 8 max rna 

Plate Input 32 max watts 

Grid-No.3 Input 5 max watts 

Grid-No.2 Input 8 max watts 

Plate Dissipation 12 max watts 

Peak HsATm-CATHODE Voltage: 

Haatw negativa with respect to cathode 100 max vottf. 

Heater positive with respect to cathode 100 max volti 




US 




POWER TRiODE 

Thoriated-tungEten-filament type used m 
a( power amplifier and modulator ami as it 
power amplifier and oscillator. May be used 
with full input up to 30 Mc and with reduced 
input up to 120 Mc. Requireo Jumbo four- 
contact socket and may be operated in vertical 
pofiiliun with haee down, or in horizontal poai- 
Lion wiih piiia I and 3 in vertical plane. UuVLlNu 
52, Outlinta Section. Plate showa no cctor when 
tube ifl operated at maximum CCS ratings. The 
838 la OMd prineipally iar renewal purpoHes. 
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Fn.AMENT VOLTAOK (AC/DC) 

Filament Currbnt 

Direct Iktidrelectrodb CapACITAN<Xs: 

Grid to plate 

Grid to filament 

Plate to filamwit 



Oais B 
Modulator 
1250 max 

176^" max 

220** max 
100* max 



10 
8.2& 

7.8 
6.0 
4.0 

Gaii C 
Telegraphy 
1260 mux 
-400 mux 
175 max 
70 max 
220 max 
100 max 



anqteree 



volt« 
volts 
ma 
ma 
watta 
watte 
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Maximum CCS Ratingi: 

DC J'i,ATfi Voltage 

DC Grid VoLTAtiB 

DC Plate Curbent 

DC Grid Current 

Platb Input 

FlATB DraaiPATION 

* For maximum-signal conditiona. 

■Averaged over any audio-frequency cycle of aine-wave form. 

POWER TRIODE 

Thoriated-tungaten-filament type uaed »« 
af power amplifier and modulator and as rf 
power amplifier and oscillator. May be used 
with full input up to 6 Mc and with reduced 
input up to 30 Me. Requires SmaU four-contact 
socket and may be operated in ^rertical position 
with base down, or in horizontal positfoa wiOi 
pfni 1 and 4 in vertical plane. Outline 82, Oul- 
Unea Section. Filament volts (ac/dc), 7.6; am-' 
peres, 1.25. Direct interelectrode capacitances: grid to plate, 7.5 n^t; grid to filament, 4.0 fiuU pl«te to 
filament, 2.6 >i^f. Maximum CCS ratings aa RF POWER AMPLIFIER AND OSCILLATOR: dc plate 
volts, 450 max; dc grid volte, -200 meat; dc plate ma., 60 max; dc grid ma., 20 max; plate input, 27 max 
watts; plate dissipation, 15 max mtti. Plate ahowa no color when tube ia operated at maximum CCS 
ratings. The 841 ia a DISCONTINUSD type Uated for reference only. 

POWER TRIODE 

Thoriated-tiinsBtsn-filament type used as 
af power amplifier and modulator. Requires 
Small four-contact socket and may be operated 
in vertical position with base down, or in hori- 842 
zontal position with pina 1 and 4 in vertical 
plane. Outline: 32, Outlinea Section. Filament 
volts (ac/dc), 7.5; amperes, 1.25. Direct inter- 
electrode capacitances: grid to plate, 6.4 tint; 
grid to filament, 3.2 utif; plate to filament, 2.6 
MMf. Maximum CCS ratings aa CLASS A AF POWER AMPLIFIER AND MODULATOR: dc plate 
volts, 425 max; plate dissipation, 12 max watts. Plate shows no color when tube is operated at maximum 
CCS ratines. The 8^ is a DISCONTINUED type listed for reference only. 

POWER TRIODE 

Heater-cathode type used aa rf power am- 
plifier and oscillator. May be used with full 
input up to 6 Mc and with reduced input up to 
30 Mc. Requires Small five-contact socket 
and may be operated in any position. Outline 
32, OuOinM Section. Heater volta (ac/dc), 2.6; 
ampwa, 2.5. Direct Interdectrode capaci- 
tances: grid to plate. 8.9 ^d!; grid to cathode 
and heater, 4 wif ; plate to cathode ud heated. 
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2.S »ut. Maximum CCS ratines as RF POWER AMPLIFIER' AND OSCILLATOR: dc pl»te volts, 
150 max; dc grid volta, -200 max; dc plate railli amperes, 40 max; de grid milliamperes, 7.5 max; pUte 
input, 13 max watU; plate diaaipation, 15 Tnox watts; pc^ heater-cathode volts, 45 max. FUte showi 
no color when tube is operated at maximum CCS fatinEi. ^nw 848 1« a DISCONTINUED ^jrpe Urted 
for reference only. 




POWER TRIODE ^(^V^W* ' 

O j| r Thoriated-tungsten-filameiit type 

OtTW used as af power umplifier and modu- 

lator. Class ABi maximum CCS plate 

dissipation, 100 watts. Requires Jum- d^^U^""—^^^ 

bo four-contact socket and may be ' 
operated in vertical position with base down, or in horizontal position with pins 1 
and 3 in vertical plane. Outline 52, Outlines Section. Plate shows no color when 
tube is operated at maximum CCS ratings. 

Filament Voltaqb (ac/dc) 10 volt* 

Filament Current 3.25 amperei 

AupUFiCATiON Factor 5.S 

DiBBCT IKTBRELBCTBODB CAPACITANCES: 

.Grid to plate 12.1 ^^jf 

\ '. Grid to filameiit 5.0 n^i 

;'. Plitte to filament 6.o 

AF POWER AMPLIFIER AND MODUUTOR— Claw ABi 
Maximum CCS Ratingi; 

DC Plate Voltage 1250 max volts 

DC Grid Voltage -400 max voit. 

DC PLaTB CuRRBNT 120 max nia 

Plato I nput 150 max watti 

Platb Dissipation loo mo* watt* 



POWER TRIODE 

ThoTfated-tunestai-^m«it type used as 
af power amplifier and modulator and ai r( 
power amplifier and osdllator. May be naed 

with full input up to 3 Mc and with reduced 
349 input up to 30 Mc. Tube may be operated in 

vertical position with filament end up, or in 
horizontal poaition with plate in vertical plana. 
Maximum over-all leneth. 14*^ inches; maxi- 
mum diiimeter, 4'.ii inches. Filament volta 
(ae/dc), 11; amperes, 5. Dirent interelectrode capacitances: grid to plate, 34 p>if; [jrid to filament, 17 p.^t; 
plate to filament, 3 ^i^if. Maximum CCS ratings aa RF POWF.K AMPLIFIER AND OSCILLATOR; dc 
plate volts, 2500 max; dc grid volts, -500 mca; dc plate amperea, 0.35 max; dc end amperes, 0.12a max; ' 
plate inputp 875 max watts; plate dissipation, 400 mox watts. Plate ahows cherry-red color when tube is 
operated at maximum CCS ratines. The 849 is a DISCONTINUED type listed for reference only. ^ 




POWER TETRODE 

Thoriated-tuneBtoi-^ameat type used as 
rf power amplifier and oscillator at frequencfea 
up to 16 Mc Requires Jumbo four-contact 
socket and may be operated in vertical position 
A3Q with base up or down, or in horizontal position 

with pins 1 and 3 in vertical plane. Outline 53, 
" O-ullines Section, Filament volts (ac/dc), 10; 

amperes, 3.25. Direct inter electrode capaci- 
tances: grid No.l to plate (with external shield- 
ing), 0.25 max tiftU grid No.l to filament and grid No.2, 17 fifiV, plate to filament And grid No.2, 25 nfd. 
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volta, 1250 max ; 
dcgrid-No.2 volta, 400 max; dc gi-id-No. 1 volta, -400 max; dc plate milliamperes, 175 max dc; grid- 
No. 1 milliamperea, 40 max; plate input, 220 max watta; grid-No.2 input, 10 max watta; plate dissipa- 
tion, 100 max watta. Plate shows a barely perceptible red color when tube istiperated at maximum CCS 
ratines. The 850 hi a DISCONTINUED type listed for reference only. 
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POWER TRIODE 



•t*** Thoriated-tungsten-filament type used as 

af power amplifier and modulator and as rf 
power amplifier and OBcillator. May be used n» 
with full input up to 3 Mc and with reduced in- 851 
put up to 15 Mc Tube may be operated in ver- 
tical position with filament end up, or in hori- 
zont^ position with plate in vertical plane. 
Maximum over-all length, 17-5/8 inches; maxi- 
mum diameter, 6-1/8 inches. Filament volts 
(ac/dc), 11.0; amperes, 15.5. Direct interelectrode capacitances: grid to plate, 47 ^t^li^, grid to filament, 
25.5 plate to filament, 4.5 ^^tf. Maximum CCS ratings as RF POWER AMPLIFIER AND OSCIL- 
LATOR: dc plate volts, 2500 max; dc grid volts, -500 max; dc plate amperes, 1 max; dc grid amperes, 
0.2 max ; plate input, 2500 max watts; plate dissipation, 7S0 max watts. The 851 is a DISCONTINUED 
type listed for reference only. 





POWER TETRODE 

Thoriated-tungaten-fiiament type used as 
rf power amplifier and oscillator. May be used 
with full input up to 30 Mc. For operation at 
60 Mc, plate voltage and plate input should be 
reduced to 75 per cent of maximum ratings; at 
120 Mc, to SO per cent Requires Small four- 
contact socket and may be operated in vertical 
position only, base down. OuTUNE 67, OuUinet 
Sectitm. Hate shows no color whoi tube is oper- 
ated at maximum CCS ratings. The 860 is used 
prindpally for renewal purposes. 
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FiLAUBNT Voltage (ac/dc) 10 volts 

Filament CURRGNT 3. 25 amperes 

Transconductance (For plate current of 50 miUiamperes) 1100 pO^u* 

Amplification Factob 200 

Direct Intbbelectrode Capacitancb3: 

Grid No.l to plate (With external shielding) O.OS max nd 

Grid No.l to filament and grid No.2 7.76 wif 

Plate to filament and grid No.2 7;5 w<f 



RF POWER AMPLIFIER AND OSCIIUTOR— Clas> C TeUgrophy 

and 

RF POWER AMPIIHER— Clo»s C FM TBlepbony 

Maximum CCS Ratings; 

DC Flats Voltage 8000 max yolts 

DC Gbid-No.2 Voltagb 500 max vcAts 

DC Gbid-No.1 Voltage -800 max volts 

DC Plate Current 150 max ma 

DC Grid-No.1 Current 40 max ma 

Plate Input , 300 max watts 

Grid-No. 2 Input 10 max watts 

Plate Dissipation ■, 100 max watts 



POWER TETRODE 

Thoriated-tungsten-filament type used as 
rf amplifier and oscillator up to 60 Mc. Maxi- 
mum over-ail length, 17-7/32 inches; maximum » 
radius, 6-5/8 inches. Filament volts (ac/dc), 11 ; OOl 
amperes, 10. Direct interelectrode capacitances: 
grid No.l to plate (with external shield), 0.1 
max tiid; grid No.l to filament and grid No.2, 
14 Hid; plate to filament and grid Nci.2, 11 iiiA. 
Maximum CCS ratings an HP POWER AM- 
PLlKlIiilt AND OSCILLATOR: dc plate volts, 3600 max; dc grid-No.2 yolts, 745 max; dc grid-No.l 
volts, -1000 max; dc plate ma., 8S0 max; dc grid-No.l ma., 76 max; plate input, 1200 max watte; grid- 
No.2 input. 85 max watts ; plate ^Mdpatlon, 400 max watts. The^61 is a DiSCONTINUED type listed 
for reference only. 
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POW£R TETRODE 

ThoriBted-tun^ten-filament type uaed as 

tt power amplifier and osdllator at freqtiencies 

up to 60 Mc Outline 84, Outlines Section. Fil- 
B6S ament volts (ac/dc), 7.5; amperea, 2. Direct in- 

terelectrode capacitances; grid No.l to pJate 

(with external shield), 0.1 p/if; grid Nq.l to fila- 
ment and grid No, 2, 8,5 max mil; piate to iila- 

ment and grid No. 2, 8 /ijii. Maximum CCS 

ratings aa Rf POWER AMPLIFIER AMD 
OSCILLATOR: dc plate volts, 7oO max; dc grid-No.2 volta, 175 max; dc grid-No. 1 volta, -200 max; 
dc plate ma., 60 max; dc grid-No.l ma., 15 max; plate input, 45 max watts; grid-iVo.2 input, 3 max 
watta; plate diraipalioa. 15 max watta. The 865 ia a DISCONTINUED type lUted for reference only. 




HALF-WAVE MERCURY- 
VAPOR RECTIFIER 

_ _ _ _ Coatetl-filament type used in 

OQOA power supply of transmitting and in- 
dustrial equipment. Maximum peak 
inverse anode volts, 10,000; at maxi- 
mum average anode amperes, 0.25. Re- 
quires Small four-contact socket and may be operated in vertical position only, 
base down. Outline 43, OiUUnes Section. 




Fn.AMBNT Voltage (ac)" 2.5 volts 

Filament Current 5.0 amperea 

Peak Tube Voltage Drop (Appro:^.) 15 volta 

.■ Filament voltage must be applied at leaat 15 seconds before the application of anode voltage. 



HALF-WAVE RECTIFIER 
Maximum Ratingi, (for powcr-aupply frequency of 80 cps): 

Peak Invbrsb Anode Voltage 2500 »((ix 

Anode Cubrbnt: 

Pealt 2 max 

Average* 0.5 max 

Fault, for duration of 0.1 second maximum . 20 max 

Condbnsed-Mercury-Temperature Range* . 20 to 80 

*.Averaged over any interval of 30 seconds maximum. 
t^pMi||NHtriO* * 6*C it raconoMnded. 



5000 max 10000 max 



1 max 
0 .25 max 
20 max 
20 to 70 



1 max 
0 .25 max 
20 max 
20 to 60 



volts 

amperes 
ampere 
amperes 
"C 



RATE OF RISE OF CONDENSED - 
MERCURY TEMPERATURE 



1 

uj 3 u 

lij liJ Z 
O. Q kJ 

°> 

o 



TYPE 8 
CURVE 


56 A 
Ef VOLTS 
RMS 


LOAD 
AMPERES 






2.38 
2.S2 


0 

0.5 





















. 






















— r 
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Operoting Values: 



CireuU 
'(For eircmt figures, refer to 
Rectifier Considcfdtiotu 
Section) 


Fig, 


Max. Trans. 
See. VoUs 

E 


Approx. DC 
Output Voltt 
To Fitter 

Eav 


Max. DC 
Output 

/av 


Max. DC 
Output KW 

ipZ jfSHsm 

I a FXIXw 


HsU-Wave Single-PJuMW. . ■ 


57 


In-Phajo OperaHon 
7000* 8200 
3o00» 1600 
1700° 800 


0.25 
0.25 
0.60 


0.8 
0.4 
0.4 


ffuU-Wave Single-Phase. . . 


58 


3500* 
1700* 
800° 


.3200 
ISOO 

soo 


o.e 

0.5 
1.0 


1.6 
0.8 
O.S 




69 


7000* 

3500' 
1700^ ■ 


6400 
8200 
1600 


0.5 
0.5 
1.0 


3.2 
1.6 
1.6 




60 


4000* 
2000* 
1000° 


4800 
2400 
1200 


0.75 
0.76 
l.S 


3.6 
1.8 
1.8 
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Quadrature Operation 

4000" 4800 
2000* 2400 
1000° 1200 


1.5 
1.5 
3.0 


7.2 
3.6 
3.6 




62 


4000' 
2000* 
1000° 


9600 
4800 
2400 


0.T5 
0.75 
l.S 


7.2 
8.6 
3.6 


HaU-Wave Four-FlUMe. . . . 


63 


3500" 
1700* 
800° 


4600 
2800 
1100 


0.91* 1.0" 
0.91* 1.0" 
1.82* 2.0" 


4.05* 4.5" 
2.07* 2.8" 
1,98* 2.2" 


Half-Wave Six-Phase 


64 


3500" 
1700* 

800-^ 


4800 

2400 

1200 


0.95* 1.0' 
0.95* 1.0" 
1,90* 2,0" 


4.60* 4.8" 
2.30* 2,4" 
2.28* 2.4" 



• For maximum peak inverse anode voltage of 10000 valt.s and niaximutn average anode current of 
0.^5 ampere. 

• For maximum peak inverse anode voltage of 5000 volts and m:iAiinuin average anode current oi 0.25 
ampere. 

^ For. maximum peak inverse anode voltage of 2500 volts and maximum average anode current of 0.5 
smpere. 

^'BflBiatiye load. * Inductive load. 




HALF-WAVE MERCURY- 
.wit:b(|V-VJ®"*= VAPOR RECTIFIER 

Coated-filament type used in o to A 
power supply of transmitting and in- 8/ 2A 
1 1 jx.^.— XT 4 1 dustrial equipment. Maximum peak 

** inverse anode volts, 10,000; maximum 

average anode amperes, 1.25. Requires 
Jumbo four-contact socket and may be operated in vertical position only, 
d&if^) Qmim&4, OuUines Section. 

Filament Voltage (ac)" 6.0 voka 

Filament Current 7.6 amperes 

Peak Tube Voltage Drop (Approx.) 10 vdtB 

" Filament voltage must be applied at least :iU seconds before the application of anode voltase. 



HALf-WAV£ RECTIFIER 

Maximum ftatings, {For poitoet-aupply fre^eacy of (to epa) : 

Fa&K InvbRSB AN(H>k VraLTAGB 6000 max 



10000 max 
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Anodb Cvrrbnt: 

Peak , 

Avomseb • 

Faultt for duration of-O^ seocmd maximum 

C0NI>aN8ai>-MmtCURr-T«IUPBKATURSt Rangb* 

6Averaged over any interval of 15 seconds maximum 
• Operation at 40° * 5°C is recommended. 



Operating Values: 



Circuit 
(I^ir circuit figures, refer to 
jjj^ifieT ConsideraHons 
Section) 


Jiff. 


Max. 3'rans. 
See. VolU 
(RMS) 
S 


Approx. DC 
Output Volts 
To Filter 
JSav 


Max. DC 
Output 
Ampere* 


Max. DC 
Output KW 
To Filter' 


HkU-Wave Single-Fliase . . . 


57 


In-Phase Operation 

7000* 3200 
3600* 1600 


1.26 
1.26 


4.0 

2.0 


FuU-Wave Single-Phaae . . . 


58 


3500' 

1700' 


3200 
1600 


2.5 
2.5 


8.0 
4.0 


Stiffitt Sin^e-Fhase 


59 


7000' 
3500' 


6400 
8200 


2.5 
2.6 


16.0 
8.0 


HslI-WaT« Three-Phase. . . 


60 


4000* 

2000' 


4800 
2400 


3.76 
9.76 


18.0 
9.0 
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Quadrature 

4000* 
2000* 


Operation 

4800 
2400 


7.6 
7.5 


86.0 
18.0 




62 


4000* 
2000* 


9600 
4800 


3. 76 
8.76 


86.0 
18.0 


Half- Wave Four-Piiase 


63 


3500' 
1700* 


4500 
2250 


4.5* 5 . 0" 
4.5* 5.0" 


20.0* 22.5" 
10.0* 11. 2" 


Half- Wave Six-Phaae 


64 


3500* 

1700* 


4800 
2400 


4.76* 5.0* 
4.75* 5.0" 


22.8* 24.0" 
11.4* 12.0" 



* For maximum peak inverse aiiLide voltage of 10000 volts and maximum average anode current of 1.25 
amperes. 

* For maximum peak inverse anode voltage of 5000 volt* and maximum average anode current of 1.26 
amperes. 

* Resistive toad. " Inductive load. 



6 max 
1.25 max 
50 max 
20 to 70 



6 max 
1.2S max 
50 max 
20 to 60 



amperee 
amperM 
amperai 



RATE OF RISE OF CONDENSED- 
MERCURY TEMPERATURE 




10 20 30 40 

HEATING TIME - MINUTES 

»SCS-»02«TI 
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— c^'' MEDIUM-MU TRIODE 

Acorn heater- cathode type used 
as af amplifier and as rf amplifier and OC E 

oscillator ut frequencies up to 600 Mc. 
n-j-T W Class A] Amplifier mtixiinum CCS - . ■ - 

K plate dissipation (design-center value), 

viewcD FROM SHORT ENO 1.6 watts. Requires Acorn five-contact 

socket and may be operated in any position. Outline 2, OutHaes Section. Plate 
shows no color wiien tube is operated at maximum CCS ratings. 

Heater Voltagb (ac/dc) 6.8 vcdtt 

Hgatbr Current 0.I6 ampere 

Transconductancb" 2200 >imhos 

.\MPLiFicATioN Factor" 25 ' ■ . \ 

DinECT Interelectoodb Capacstancbs; 

Grid to plate 1.3 ppf 

Grid to cathode and heater ', 1.0 ftiit 

Plate to cathode and heater 0.4 i^il 

^^&4c i^ate Vo\U, 2S0; dc gviA volts, -7; plate resiBtance (Approx.), 11400 ohms; dc plate amperM, S.8. 

AF AMPLIRER— Clan Ai 

Maximum CCS Ratings, Deaivn-Center Values: ,\ 

DC Plate Voltage 250 max vtAU 

Platb Dissipation .- ^ .'• 1>6 max wttbi 

Peak Hbatbr-Cathoob Voltage: 

Heater negative with respect to cathode 80 max volte 

Heato- poaitive with respect to cathode 80 max ytAU 

RF AMPUFIER AND OSCILLATOR— Clau C 
Moximum CCS Ratings, Design^ento' Value*.* 

DC Plate Voltage .■ 180 max volts 

DC Plate CuKitENT ; S max ma 

DC Grid CuitrtBNT , 2 max m« 

Peak Heater-Cathode Voltace: 

Heater negative with respect to cathode AO max volts 

■ Heater positive with respect to cathode. 80 max vtAU 




MEDIUM-MU TRIODE 

Acorn coated-filament type used ftCO A 

as rf power amplifier and oscillator at 7ti#oA 

frequencies up to 350 Mc. Class C '■'^ [ ) ; 

r.-^ ^ M'- Telegraphy maximum CCS plate dia- 

viEWED fROM SHORT END sipation (dcslgn-center value), 0.6 

watt. Kequires Acorn five-contact socket and may be operated in any position. 
O^tLiNE 2, Outlines Section. Plate shows no color when tube is operated at maxi- 
mum CGS ratings. 

F[(AMEs'T Voltage (DC) *. 1.2B volts 

Filament Current O.IO ampere 

Direct tNTunBt-ECTiiODB Capacitances: 

GridtO[3late 2.5 mit 

Grid to filament 0.45 fifiC' 

Plate to 61ament 0.6 i^d 



RF POWER AMPUFIER AND OSCILUTOR— Clasi C TeUgraphy 

and 

RF POWER AMPLIFIER— Oa» C FM Telephony 



Maximum CCS Ratings, Design-Center Values; 

DC t'l.ATE Voltage 

DC GitiD Voltage . : 



135 max 
-30 max 



volts 
volts 
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DC Plate Curhbkt , ■ ■. '"^^^ nia 

DC Grid Current : .' , \ max ma 

Plate Input • • * • 0,95 max watt 

Plats DissfPATioN 0.6 mox w»tt 

Maximum Circuit Value$i 

Grid-Circuit Resistance: 

For fixed-biaa operation 0.1 megohm 

For cathode-ttias operation .* 0-5 max megohm 



POWER TRIODE 



1608 



Coated-filament type ustd as af power 
amplifier and modulator and as r( power ampli- 
fier and oscillator. May be used with full input 
up to 45 Mc and with riiduced input up to 100 
Mc. Requires SniJiU four-contact socket and 
may be mounted in vertical position with base 
down, or in horizontal position with pins 1 and 
A in vertical plane. Outline 32, OvUinea Sec- 
tion, filament volts (ac/dc>, 2.5; amperes, 2.5. 
Direct interelectrode capacitancea: grid to ptate, 9 txi^l; grid to filament, 8.6 y-id; plate to filament, 3 ;i^f. 
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 4'25 mux: 
dc grid volts, -200; max Ac piate milliamperes, 95 max; dc grid millianiperes, 2$ mox; plate input, 40 max 
watca; ptate diBsipation, 20 inaj: watts. Plate shows no color when tube Ib opermtMl at maximum CCS 
ratings. The 1608 is a DISCONTINUED type listed lor reference only. 




1610 




POWER PENTODE 

Coated- filament type used as rf power am- 
plifier and oscillator. May be used with (ull 
input up to 20 Mc and with reduced input up 
to 110 Mc. Requires Small five-contact socket 
and may be operated in vertical position only, 
base up or down. Outline 32, Oullines Section. 
Filament volta (ac/dc), 2.5; amperes, 1.75. 
Direct interelectrode capacitances: grid-No. 1 
to plate, 1.2 utit; grid No.l to filament mid-tap, 
grid No.3, and grid No.2, 8.6 fifif ; plate to filament mid-tap, grid No.3, and grid No.2, 13 nd- Maximum 
CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc pUte volts, 400 max; dc grid-No.2 
volta, 200 moat; dc grid-No.l vtAta, -100 -met; dc plate milliamperes, 30 max; dc grid-No. 1 milliamperes, 
3 max; plate input, 9 max watts; grid-No.2 input, 2 max watts; plate dissipation, 6 max watta. Plate 
shows no color whw tuba is operated at maximum CCS ratings. The 1610 U a DISCONTINUED type 
listed for reference only. 

POWER PENTODE 

Heater-cathode type having 
1613 metal shell used as rf power amplifier 

and oscillator. May be used with full 

input up to 45 Mc. For operation at 
60 Mc, plate voltage and plate input , 
should be reduced to 90 per cent of maximum ratings; at 90 Mc, to 85 per cent. 
Class C Telegraphy maximum CCS plate dissipation, 10 watts. Requires Octal 
socket and may be operated in any position. OUTLINE 11, OuWines Section. 




Heater Voltage (ac/dc) 

Hbatbr Currbnt 

Tbansgonbdctancb (For plate currmt of 31 milliamperes) 

DmscT Intbkblbctr<x>e Gapacitancbb: 
^Grid No.l to plate 

Grid No.l to cathode, grid No.8, grid No.2, abdl, and heater 

Plate to cathode, grid No.3. grid No.2, shdl, and heater 



6.8 
0.7 
2500 

0.26 
«.fi 
18.6 



volts 
ampere 
fiinhos 

itiA 



RF POWER AMPURER AND OSCllUTOR— Crais C T.Ugraphy 

and 

RF POWER AMPIIFIER— CloM C PM Telephony 

Maximum CCS Ratings: 

DC Plate Voltage 850 max 



volta 
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276 max 


V<rft8 


-100 max 




SO max 


ma 


5 max 


ma 


17.5 max 


watts 


2.5 max 


watta 


10 maz 


watta 


100 max 


voit« 


100 nun 


volte 



DC Giui>«Na2 .VM.TA«B 

DC GRnvNal Vch^taob 

DC PUTB GVBIIBNT 

DC GRIO-Nal CURRBNT. . . . — 

Platb Input 

GiuD-Na2 Input. ^ 

PUTB Dissipation 

Peak Hbater-Cathodb Voltage: 

Heater n^ative with respect to cathode . 

Heater poidttve with respect to cathode. 



BEAM POWER TUBE 

Heater-cathode type having 
metal shell used as af power amplifier 
and modulator and as rf power ampli- 
fier and oscillator. May be used with 
full input up to 80 Mc. For operation 
at 120 Mc, plate voltage and plate input should be reduced to 75 per cent of maxi- 
mum ratings. Class C Telegraphy maximum plate dissipation, CGS 21 watts, ICAS 
25 watta. Requires Octal socket and may be operated in any position. OUTtiNB 21/ 
OuUines Section. 




1614 



Hbatek Voltage (AC/DC) f f 

Heater CuKBENT J^-^ 

TitANSCONDucTANCE (FoF plate current of 72 milUamperes) nmum 

Direct Interelectrode Capacitances: 

Grid No.1 to Plate 0.4, max l»d 

Grid No.l to cathode, grid No.3, grid No.2, shell, and heater 10 

Plata to cathode, grid No.3. grid Na2, shell, and heater 12 PI" 



AF POWER AMPimeR AND MODUUTOR— Cla« ARl 

Maxlmtnn Ratlngst 

DC Plate Voltage 

DC Grio-No.2 Voltage 

DC Plate CuitriENT 

Plate Input 

Gkid-No.2 Input 

Pi^TE Dissipation 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with reapect to cathode 

Typical Operation (Values are far 2 tubes): 

DC Pliite Voltage • - 360 

DC Grid-No.2 Voltage 270 

DC Grid-No.l Voltage -22.6 

Peak AF Grid-No.-1-to-Grid-No.l Voltage 45 

Zero-SigoiU DC I^te Current 88 

Maxlmum-^gnal DC Plate Curr^it 182 

Maximum-^gnal DC Grtd-No.2 Currant i . . IS 

Effective Load Realstance (Plate to plate) 6600 

Total Harmonic Distortion 2 

Maidmum-^gnal Power Output / 26 . 6 



CCS 


ICAS 




375 max 


550 max 


volts 


300 max 


400 max 


volts 


110 max 


no max 


ma 


40 max 


60 max 


watta 


3.5 max 


8.5 max 


watts 


21 max 


26 max 


watte 


200 max 


200 max 


TOlta 


200 nua 


200 max 


Tolte 



m 

840 
-86 
72 
60 
160 
20 
7200 
2.6 
60 



volte 
volta 
volte 
volte 
ma 
ma 
ma 
ohme 
per cent 
watte 



Rf POWER AMPLIFIER AND OSCILLATOR— Clois C Teleflraphy 
■ ond 

RF POWER AMPLIFIER— Cla« C FM Telephony 

Maximum Ratings: CCS WAS 

DC Plate Voltage 375 mox i50 max 

DC Grid-No.2 Voltage 300 mar 300 max 

DC Grid-No.1 Voltage -125 nwa: -125 max 

DC Plate Current HO max 110 max 



v<dte 
volte 
volte 
ma 



157 



RCA Transmitting Tubes 



DC GitlD-No.l CmtRBNT 5 max ^ ■ . 5 max ms 

Plate Input SBmar A^ptax- wmXU 

Grii>-No.2 Input 3.5 ma* S.S tnoz- watU' 

Plate Dissipation 21 kmbe 25nMw watts 

Pbax Hbatbo-Cathchie Voltage: 

Heaterney^tiva with respect to cathode 200 max 200 max vaiU 

r Hrater positive with reapect to cathode 200 max 200 max volts 

Typkal Operatloni 

DC Hate Voltage 376 450 volts 

DC Grid-No.2 Voltage* 250 250 volts 

From series resistor of 12500 25000 ohmi 

DC Grid-No.l Voitatjei -40 -45 volts 

From grid-No.l resiator of 20000 22500 ohmi 

From cathode resistor of ' 426 410 ohms 

Peak IIF Grid-No. 1 Voltage 51 73 volU 

DC Plate Current 80 100 ma 

DC Grid-No.2 Current 10, 8 ma 

DC Grid-No.l Current (Approx.) , 2 2 ma 

Driving Power (Approx.) .... : 0.1 0.15 watt 

Power Output (Approx.) 21 31 watts 

* Obtained frora separate source, from phite-voltage supply with a voltage divider, or through aeriei 
reaiator of value abown, 

t Obtained from fixed supply, by grid-No. 1 reaiBtov, by cathoda resistoT, or by combination methods. 



HALF-WAVE VACUUM 
RECTIFIER 

Coated-filament type used in power supply 
a{ transmitting and industrial equipment. Re- 
quires a Small four-contact socket and may be 
operated in vertical position with base down, or 
in horizontal position with pins 1 and 4 in ver- 
tical plane. Ma:timum over-all length, 6-13/ lf) 
inches; maximum diameter, 2-1/16 inches. Fil- 
ament volta {acl, 2.5; amperes, 5. Maximum 
CCS ratings as HALF-WAVE RECTIFIER: 
peak inverse plate volts, 6000 max; peak plate ma., 800 max; average plate ma., 130 max; fault amperes, 
M max. The 1616 is a DISCONTINUED type listed for reference only. 



1616 




BEAM POWER TUBE 

Coated-filament type having metal shell 
used aa al power amplifier and modulator and 
as rf power amplifier and oscillator. May be 
used with full input up to 45 Mc. For operation 
at 60 Mc, plate voltage and plate input should 
be reduced to 90 per cent of maximum ratings; 
at 90 Mc, to 77 per cent. Requires Octal socket 
and may be operated in vertical pcmition only, 
base down or up. Outune 21, Outlinn Section. 
The 1619 is used (nlndpally (or renawal pur* 
posei. 




Filament Voltagh (ac/dc) 2.5 

Filament Currbnt 2,0 

TraNSCONDUCTAMCB (For plate current of 50 miUiamperes) 4B00 

Direct Int&rblectbode Capacitances: 

Grid No.l to plate .' 0.4B max 

Grid No.1 to filammt, giid No.3, grid No.2. and shell 9.6 

Hate to filament, grid No.3, grid No.2, and 12.6 

AF POWER AMPLIFY AND MODULATOR^toss ABi 
Moxtmum CCS Ra^gs: 

DC Plate Voltaqb 400 max 

DC GaiD-No.2 Voltage 300 max 

MAXiHim-^GNAL DC Plate Currbnt" 76 mox 

Muunm-SiGNAL Plate Input". 30 max 

Gftto-No.2 Input" 8.6 mox 

pfijkTB Dissipation" 16 max 

" Averaged ovw any audio-frequency cycle ol sine-wave form. 



amperea' 
fimhoa 



volts 
volts 
ma 
watti 
watts 
watts 
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RF POWER AMPLIFIER AND OSCILLATOR^-Clow C Tftbgraphy 

and 

Ri^ POWER AMPUFIER-^Iqss C FM T«l«phony 

Maximum CCS Ratingft 

DC Plate Voltage * 400 max 

DC G«ii>-No.2 Voltage , 300 mar 

DC GRID-Noa Voltage , ^125 max 

DC Pi-ATB Current - 75 max 

DC Gttii>-No.J Current 5 max 

Plate Input 30 max 

GrID-NO-2 iKPUT ■ , _ 3,0 max 

Plate Dissxfatiom , , , , , 15 max 

Maximum Cireuit Voly«s: 

Grtd-^No.l-Circuit Iteaistanc« , , max 



volts 
volti 
volte 
ma 
■ ma 
watts 
watts 
watts 



ohms 



1623 



POWER TRIODE 

Thortated-tungsten-filament type used a9 
af po^^er amplifier and modulator and as rf 
power amplifier and oscillator. May be uaed 
with full input up to 60 Mc and with reduced 
input up to 100 Mc. Requires Small four- 
contact socket and may be operated in vertical 
position with base down, or in horizontal posi- 
tion with pina 1 and 4 in vertical plane. Outline . . . 
44, Outlines Section. Filament volts (ac/dc), 
6.3; amperes, 2,5. DtrecL interelectrode capacitances: grid to plate, 6,7 ^ptt; grid to filament, 5.2 fifit; 
plaU to filament, 0.9 ^^L Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: 
dc plate volts, 750 max; dc grid volta, -200 max; dc plate ma,, 100 max; dc grid ma*, 25 max; plate in- 
put^ 75 max watts; plate dissipation ^ 25 viax watts, Plate does not show color when tube is operated at 
maximum CCS ratings. Type 1623 is a DISCONTINUED type listed Lor reference only. 





1624 



BEAM POWER TUBE 

Goated-filatnent type used as rf pdwer am- 
pUfl«r and oeefllator. B£ay be used with full 
input up to eo Mc* Far operation at 80 Mep 
plate vdltage and plate input should be reduced 
to SO per cmt of maximum ratings; at 12& Me, 
to 65 per ceaU Requires Small five-contact 
socket and may be operated in vertical position 
only, baae up or down, Outunb 34* Outlines . . . ^ ' • 

Section, except has no bayonet pin. Plate showa • 
no color whea tul>e ia operated at majdmum CCS latinga* The 1624 is used principaUy for reh&w^ jpur- 
poses* . r - . 

FOAHBNT VOLTAGfi (AC/DC) _ 2.5 volts 

Filament Cubrbnt 2.0 amperes 

TRANacoin>tiOTAKCE (For plate current of 50 miUiamper^) 4000 ^imhos 

Direct Interelectrode Capacitances: ^ 

Grid No,l to plate (With external shielding) - , 0.26 imtx 

Grid No.l to filament, grid No.3| and grid No*a ' , , 11 lurf 

Plate to filamwt. grid No.S, and grid No^ ?.6 15 



RF POWER AMPLIFIER AND OSCIUATOR— CIoh C Telegraphy 

and ' ' 

RF POWER AMPLIFIER— Cloii C FM Tolephony 

Moximum CCS Ratingit 

DO Tla^tb Voltage , gOO 

,DG Grii>-No.2 Voltage MQmaa 

]DC GbiikNo.I Voltagb . . ' _ , i ^ , -200 max 

DC Plate Cprrent * , 1 ] 1 ! ! ! ! 1 ] ! ] 1 90 max 

DC Grid-No.I Current ] [ ' 6 max 

Plate Input , Ml]]]] Umax 

Ghid-No.2 Input , , , _ ^ , 3.5 max 

Plate DisaiPATiON , !!!!!!!!!! i i 1 ; 25 iita:r 

Maximum Circuit Values: : . 

Gf id-No-l-Circuit KeBiatance 25000 max 



YOlti 

votta 
vcAta 
ma 
naa 
watta 
w^tts 
wattk 
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BEAM POWER TUBE 

Heater-cathode type used as af 
power amplifier and modulator and as 
rf power amplifier and oscillator. Re- 
quires Medium seven-contact socket 
and may be operated in any position. 
Outline 34, Outlines Section, except has no bayonet pin. Heater volts (ac/dc), 12.6; 
amperes, 0.45. Except for heatOT rating and base, this type is identical with type 807. 



1625 




POWER TRIODE 

Glais-octal heater-cathode type used as rf ^ 
power amplifier and oscillator. May be used with 
- . ^ ^ full iaput up to 30 Mc. For operation at 60 Mc, ( > 

I plate voltage and plate input should be reduced 

to 96 per cent ot maximum ratings; at 90 Mc, 
to 93 per cent. Requires Octal socket and may ^* * 
be operated in any position, Outline 19, Out- 
lines Section. Plate showa no color when tube is 
operated at maximum CCS ratings. The 1626 la 
uaed principally lor renewal purposes. 

Heateh Voltage (ac/dc) 12.6 

Heateh Current 0.25 

AUI'UFICATION FACTon 5 

Direct iNTERELECTiiODE Capacitances: 

Grid to plate A. 4 

Grid to catiiode and heater 8.2 

Plate to cathode and heater 8.0 




volti 
ampere 



RF POWER AMPLIFIER AND OSCILLATOR— CIojj C Jehgrophy 

and 

RF POWER AMPUFI£R— C1q>8 C FM Telephony 

Maximum CCS Ralingi: 

DC Plate Voltage 250 max volte 

DC Gbio Voltage , -150 max vdts 

DC PLATE CUBRENT 25 mOX OU 

DC Grid Cubbent 8 max ma 

Plats Input , . 6.25 max watte 

Platb Dissipation 6 max watte 

Pbak Hbatbr-Gathwb Voltags: 

Heater native with respect to cathode 100 max volti 

Heater po^ttve with reepect to cathode 100 max V(4ti 



HIGH-MU TWIN TRIODE 

Gtaas-octal heater-cathode type used aa af 
power amplifier. Class B AF Power Amplifier 
_ ^ ^ _ maximum CCS plate dissipation (design-center 

I ^ value, per plate), 3 watts. Requires Octal socket 

and may be operated in any position. Outline 
13, Outlines Section. Plates show no color when 
tube is operated at ma.^imura ratings. The 1685 
is uaed principally for renewal purposes. 




HBATBR VoVtAta (AC/OC) 

Hb^thb Cubbkit 

AF POWER AMPLIFIER— Cla»i fi 

Maximum CCS Ratlngu 

DC PLAIB VOLTWB 

Pouc Platb CmtBSNr (Fw plat^ 

PLAT> DiSBiFATiON (Per i^te) 



6.8 
O.fi 



800 max 
90 max 
3 max 



volte 
ampere 



^ts 
ma 
watta 
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I'BAK HEATEH-CArU01>K V"oT,TA<;i:: 

Heater neyativc; with re3j>ect to cathode. 
Heater positive with respect to cathode. 



Typical Operation, (UnUas otherwise specified, values are for 2 units): 

DC Plate Voltage 

DC Grid VoltaRs 

Peak AF Grid-to-Grid Voltage 

Zero-Signal DC Plate Current 

Maximum-Sisnal DC Plate Current 

Peak Grid Current (Per unit) 

Plate-Supply Impedance 

Effective Load Reeiatance (Plate to plate) 12000 

Effective Grid-Circuit Impedance (Per uidt) 

Total Harmonic Distortion 

Maximum-Signal Power Output 

* Includes peak v<dtage drop through the grid-circuit impedance. 

* Practical deeign value. 

* At 400 QTcles for daes B stage in which the effective resistance per grid circiiit is 500 ohms, and the 
leakage reactance of the coupling transformer is 50 miUihearies. The driver stage should be capable of 
supplying the grids of the class B stage with the spedfled values at low distortion. ' 





90 max 


volts 




90 max 


volts 


300 


300 


volts 


0 


0 


vxdts 


70 


108 • 


vtdts 


£ tS 
O.O 


b.ti 


ma 


KA 


Rit 
04 


mft 


38 


89 


ma 


0 


1000" 


ohms 


12000 


12000 


ohms 


0 


516* 


ohms 


4 


5 


per cent 


10.4 


10.4 


watts 




4037 



HIGH-MU TRIODE 

Pencil type used as rf power am- 
plifier or mixer at- frequencies up to 
1500 Mc and as cw oscillator up to 
3500 Mc. Class C Telegraphy maxi- 
mum plate dissipation, 6.25 watts CCS. 
Requires Octal socket and may be operated in any position. Outline 73, Outlines 
Section. Will replace 2C40 planar type in most applications. 



Hbatbr Voltagb 

Hbatgr Current ( 

Cathode Wa»m-Up Time, To reach 90 per cent of typical 

oscillator power output 

Amplification Factor 

Transconductancb° 

DmECT Interelectrodb Cafaoitancbs (Approx.): 

Grid to plate 

Grid to cathode 

Plate to cathode 

Cathode to rf cathode terminal 

Plate Seal Temperature 

' KstB vdits, 260; iHate miiliamperu, 18. 

Maximum CCS Ratings: AMPLIFIER-^CIqh Ai 

For altitudes up to 1 00,000 feet and frequencies up to 1 700 Mc 

DC Plate Voltage 

DC Grid Voltage , 

DC Plate Current 

Plate Dissipation" 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Maximum Circuit Valuesi 

&rid<<;ircuit Resistance. ; ; 



Maximum CCS Ratingsi 

For aUUtuUs up to 100,000 feel and firequmeiet up to tOOO Me 

DC Plate Voltage , . . ; ; .■ ; . . 

DC Grid Voltage. . . ; ; ; ; 

DC Plate Currbnt i . . . . ; : i ; i . 

DC Grid CurbbnT ; : . . 

PiATB Input : ; : k*.. 

MtktB DmBIPATION* . 



6.3 


volts 


.145 


ampere 


10 max 


seconds 


30 




6800 


/imhos 


1.1 


Htd 


1.8 


Mitt 


0.05 max 


Itiii 


100 


Iti^ 


175 max 


•C 


800 nuts 


VtdtB 


-100 max 


volts 


26 max- 


/ ma 


6.26 max 1 


watts 


90 max 


volts 


90 max 


volts 


0.6max 


mesohm 


phy 




- 860 max 


v<dts 


-100 max 




25 max 


ma 


8 max 


ma 


. 9 max 


watts 




watts 



161 



RCA Trtmsmitting Tubes 



Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Typical CCS Operation at Oscillator in Cathoda-Drlve Circuitt 

At 
600 Me 



90 max 
90 max 



DC Plate- to-G rid Voltage 262 

DC Cathode-to-Grid Voltage* 12 

DC Plate Current 23 

DC Grid Current (Approx.) 6 

Useful Power Output (Approx.) 3 

Typical CCS Operation as RF Power Amptifer in Cathode-Drive Circuit at 500 Mc 



At 

9000 Me 
252 
2 

23 

3 

0.45 



At 
SOOOMe 
252 
2 

26 
4 
0.1 



DC PUte-to-Grid Voltage 

DC Cathode-to-Grid Voltage*. . 

DC Plate Current 

DC Grid Current (Approx.) 

Driver Power Output (Approx.). 
Useful Poiror Output (Approx.) . 

Maximum Circuit Values: 
Grid-Circuit Resistance 



826 
51 
2S 
7 
2 
6 



volte 
volts 



volts 
volts 

roa 
ma 
watts 

volts 
volts 
ma 
ma 
watts 
watts 



0 . 1 max megohm 



276 max 


T(dtai 


-100 moaf 


volts 


22 max 


ma 


8 max 


ma 


6 max 


watts 


4.26 max 


watts 


90 max 


volts. 


• 90 max 


volts 



PUTE-MODULATED RF POWER AMPLIFIER— Class C Telephony 
Maximum CCS Ratingsi 

For alHtudea up to 100,000 feet and frequmcies up to SOOO Me 

DC Plate Voltage 

DC Grid Voltage 

DC Plate Cubbent 

DC Grid Cubbent 

Plate Input 

Plate DrsaiPATioN" 

PeWlK Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Maximum Circuit Voluesi 

Grid-Circuit Resistance ." 0.1 max m^ohm 

Maximum CCS Ratingi: FREQUENCY MULTIPLIER 

Pur aUUudet up to 100,000 feet and frequencies up to 1700 Mc 

DC Plate Voltage , 

DC Grid Voltage , 

DC Plate Current , 

DC Grid Current , 

Plate Input 

Plate Dissipation" , 

Peak Heater-Cathode Voltage; 

Heater negative with n?spect tu cathode 

Heater positive with respoct to cathode 

AVERAGE CHARACTERISTICS 



330 max 
-100 viaz 
22 max 
8 max 
7,5 max 
6.26 1MX 

90 max 
90 max 



volts 
volts 
ma 
ma 
watts 
watts 

volts 
volts 




_ . , . . ^ Tripler Doubter 

Typical CCS Operation in Cathode-Drive Circuit: to ^0 Me to 960 Me 

DC Plate-to-Mrid VolUge 890 870 volta 

DC Cathod«-to-Grid Voltage* 90 70 ytAta 

DC Plate Current 18 17.3 ma 

DC Grid Current (Appro.T.) 6 7 ma 

Driver Power Output (Approx.) 2.1 2 watts 

Useful Power Output (Approx.) 2.1 2 • watts 

Maximum Circuit Voluest 

Grid-Circuit Resistance 0.1 mar megohm 

■ In applications where the plate dtsaipation exceeds 2,5 watts, it is important that a large area of con- 
tact be provided between the plate cylinder and the terminal to provide adequate heat conduction. 
* ObtiUned from grid reaifltor. . 




BEAM POWER TUBE 

I^Gi Small, forced-air-cooled, cermo^ A.Jif\f\A 

lox, heater-cathode type; used as vol- ^OUv/\ 
tage regulator tube in airborne and 
^jfH,K fixed-station equipment subject to 

severe vibration. Maximum CCS rat- 
ings: plate volts, 3500 max; plate dissipation, 1760 max watts. May be operated in 
any position. Outline 87, OuUinea Section. Type 4600A has matrix cathode. 

Hbatbr Voltage (AC/DC) t S.Sivpteal volts 

t 6.0f»«E vtAta 

Heater Current 17,8 mmpwes 

Minimum Heating Time 6 ■minutes 

Mu-Factor, Grid No.2 to Grid NoA" 17 

Terminal Temperature (Plate, grid No.2, grid-No.l, cathode, and heater): 260 max •€ 
" Plate volts, 2600; grid-No.2 volts, 600; plate milliampereB, 600. 



VOLTAGE REGULATOR SERVICE 

Maximum CCS Ratingn 

DC Plate Voltagb 8600 max 

DC Grid No.2 Voltagb lOOO max 

DC Plate Curbbnt 1 

Grid No.2 Input 50 max 

Puts Dissipation. 1760 max 



volti 
volts 
ampere 
watta 
watts 



TYPICAL PLATE CHARACTERISTICS 
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RCA Transmitting Tubes 



BEAM POWER TUBE <^2ryni^rt,.0i 

ti/ Lit:: pHD » 

jt^g\A Glass octal type having quick- {^zz:J ) 

"frOV^ heating, coated filament; used as rf f(1a4~-''T^--''7©? ■ 
power amplifier in push-to-talk mobile 
and emergency-communications equip- 

ment. May be used with full input up (s 
to 60 Mc and with reduced input to 175 Mc. Class C Telegraphy maximum plate 
dissipation, IC AS 25 watts. 

FiLABiENT Voltage (AC/DC) 6.S volta 

FILAHBKT CUBKBNT 0 .65 ampere 

Filament H&ating Timb 1 second 

TrAN3CONDUCTANCB1° ^"^OO ^imhos 

Mu-Factob, GridNo.2 to Grid No.l*".. 4 - 

Direct Interelectrode Capacitances: 

Grid No.l to Plate 0^24 .mo* ni4 

Grid No.l to filament and grid No. 3 atid internal shield, base sleeve 

and Erid No.2 11 M 

Plate to filament and grid No. 3 and internal shield, base sleeve 

and grid Ko.2 8.5 fitit 

Bulb Temperature (At hottest point) 220 max "C 

® Plate vtAtB, 200; grld-No.2 volti, 200; pUte mUlUmperos, 100. 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum ICA5 Ratingsi Up to SO M,c 

DC Plate Voltage 750 max 

DC Grid-No.2 Voltage ,260 max 

DC Grid-No.1 Voltage -150 max 

DC Plate Current 150 »«« 

DC Grii>-No.1 Current • * 

Platb Input 90 max 

Grid-No.2 Input 8 

Plate Dissipation max. 

Typical Operation aj Amplifier al 175 Mc: ■ .■ , 

DC Plate Voltage 400 

DC Grid-No.2 Voltage 190 

From a aeries resistor of ; 18000 

DC Grid-No.l Voltage '. -60 

From a grid resistor ol SOOOO 

DC Plate Current 160 

DC Grid-No.2 Current H 

DC Grid-No.l Current (Apprux.) 2 

Driving Power (Approx.) 4.6 

Power Output (Approx,) .80 

Ma^dmuin Circuit Values: 

Grid-No.l Circuit Reriirtaiice 80000 ««e 



volts 
volts 
volts 
ma 
ms 
watts 
watts 
watts 



volts 
volts 
ohms 
volts 
ohms 

ma 

ma 

ma 
watU 
watts ^ 



ohms 



OPERATING CONSIDERATIONS 

Type 4604 requires Octal socket and may be operated in vertical position with 
base up or down, or in horizontal position with pins 3 and 7 in vertical plane. Effec- 
tive rf grounding and simplified shielding of input from output are facilitated by the 
provision of a separate base-pin connection for the base sleeve and a single base-pin 
connection for fflament midtap, grid and internal shield. Outline 18, OuU 
lines Section. 

For operation at 150 Mc, plate voltage and plate input should be reduced to 
72 per cent and 58 per cent of maximum ratings, respectively; at 160 Mc, to 69 per 
crat and 55 per cent, respectively; at 175 Mc, to 67 per cent and 54 per cent, respec- 
tively. Plate shows no color when the tube is operated at maximum ICAS ratings, i 
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Technical Data 



TYPICAL-PLME CHA,=tACr£R:3riCS 



i 




,FL*nE VOLTS VtCM-MMT 



TYPICAL CHARACTERISTICS 



TYPICAL CHARACTERISTICS 
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PLATE VOLTS 



Mes-io»i$r 




'-aV-^-NiA? POWER TRIODE 

Coated-iilament type used as af 
power amplifier and modulator and as *i 1 C A 

^ rf power amplifier and oscillator. May 

tje used with full input up to 6 Mc 
and at reduced ratings up to 30 Mc. 
Requires Small four-contact socket and may be operated in vertical position with 
base up or down, or iii horizontal position with pins 1 and 4 in vertical plane. OUT- 
LINE 25, Outlines Section. Plate shows no color when tube is operated -at maximum 
CCS ratings. 

FiLAUBNT VotTAGE (AC/DC) 4.5 voltll 

Filament Current 1.1 smpam 

Amplification Pactob* ; 8 ! B 

Tbansconductancw 1880 ^mhof 

Direct iNTERBLBtTTBGoa Capacitancbs: 

Grid to plate , ^ 

Grid to filament 2.8 /tut 

Plate to filament 2.2 nfd 

* ¥\aU>itXiit^$BO; grid vottB» -20; plate mmiampereB, 19. 



AF POWER AMPLIFIER AND MODULATOR— Clou A 
Maxlmnfi CCS Ratlnoti 

0C PtAOT V<HiTAOE . , . , 

Plate Dissi^iMr . " ' . 



850 max 
7.5 max 



voltv 
vattt 
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RCA Transmitting Tubes 



RF POWER AMPLIFIER AND OSCILLATOR— Clau C T«I«sraphy 

and 

RF POWER AMPUFIER— Clou C FM TftUphony 

Maximum CCS Ratings: 

DC Plate Voltage . . 350 max volta 

DC Grid Volta<;e -150 max volts 

DC Plate Current 40 max ma 

DC Grid Cukbbnt (Approx.) 10 max ina 

Plate Input , 14 max watts 

Plate Dissipation 10 max watt* 



HALF-WAVE MERCURY- 
VAPOR RECTIFIER 

_ _ _ Heater-cathode type used in 

O35o power supply of transmitting and in- 

dustrial equipment. Maximum peak 
inverse anode yolts, 5,000; maximum 
average anode amperes, 2.5. Requires 
Small four-contact socket and may be operated in vertical position only, base down. 
Outline 48, Outlines Section. 




Hbatbr Voltage* 5.0 

Hbatbr Currbnt 4.5 

Pbak Tube Voltaob Dbot (Approx.) , . . . 12 

• Heater volti^ must be apfdied at least 5 minutw before application of anode vidtase. 



HALF'WAVE RECTinER 

Maximum Rotings: 

Peak Inveiise Anodb Voltaob 

Anode Cufihent: 

Peak 

Average* 

Fault, for duration of 0.1 second maximum 

CONDBNSBO-MfaRCtmY-THMPBRATURB RaNGB 

4 Averai^ ovor any interval of 16 seconds maximum. 



2000 max 

15 max 
2 . 5 max 
200 max 
85 to 80 



5000 max 

16 max 
2 . 5 max 
200 max 
85 to 60 



volts 
amperes 
volts 



volts 

amperes 
amperes 
amperes 

•c 



5561 




HALF-WAVE MERCURY- 
VAPOR REaiFIER 

Heater-cathode type used in 
power supply of transmitting and in- 
dustrial equipment. Rating I: maxi- 
mum peak inverse anode volts, 3,000; 
maximum average anode amperes, 6.4. . ^" 

Rating II: maximum peak inverse anode volts, 10,000; maximum average anode^> 
amperes, 4. Requires Super-Jumbo four-contact socket and may be operated ir^ 
vertical position only, base down. OUTLINB 66, Outlines Section. € 

Heateu VOLTAGBe . 5 

ilEATEIt CUKKBNT - 10 

Pbak Tubb Voltage Drop (Approx.) 15 

* Ueat«r vcrftase must be applied at least 6 minutes before application of anode vottaKe. 



volts 
ampwes 
volts 



HALF- WAVE RECTIFIER 

Moxipaum Rotingst 

Pbak Invbrsb Anoiw Voltaob 

An<x>b Current: 

Peak ; 

Average t 

Fault, for durutioQ of 0.1 second maximum 

Conobnsbd-Mbhctjry-Tbuperaturd Range 

|i- Averased ov& any interval of IS seconds maximum. 



8000 max 

40 max 
6.4 max 
400 max 
40 to 80 



10000 max 

10 max 
4 max 
160 max 
26 to SO 



w^ts 

amperes 
amperes 
amperes 
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5588 



volt! 

impereo 



POWER TRIODE 

Forced-air-cooled heater-cathode type hav- 
InZ integral radiator used in cathode-drive cir- 
cuits as rf power amplifier and oscillator. May 
be used with full input up to 1200 Mc and at re- 
duced ratings up to 2000 Mo. Type 5588 may 
be operated in vertical position only, radiator 
up or down. Outline 89, Outlines Section. A 
minimum air flow of 10 cubic feet per minute 
should be directed through the radiator toward 
the bulb and grid terminal when the 5588 is operated at maximum rated dissipation. Air flow should 
start before and continue during the application of any voltages to the tube. Maximum temperature: 
incoming air,45''C; radiator. 180**C; and grid terminal, 140°G.The 6&88 Uiued prindpaUy for renewal 
purposes. For new equipment design, refer to type 6161. 

Heater Voltage (ac/dc) ' , 

Heater Current , , 

Amplification Factob , 

Direct Intbrblectrode Capacitances: 

Grid to plate 6.0 fift 

Grid to cathode and heater 13 ^^f 

Plate to cathode and heater" ' 0.32 max lin! 

" Rated heater voltage must be applied for a minimum time of one minute before voltages are applied 

to the other electrodes. 

° External shield connected to grid. 

RF POWER AMPLIFIER AND OSCILLATOR— Claji C Telegraphy 

Maximum CCS Rating.: '^"^^^ AMPLIFIER-Cla.. C PM Telephony 

DC Plate Voltaob 

DC Grid Voltage .- 

DC Plate Curbbnt ; 

DC Grid Current 

Plate Input , ] . . 

Plate Dimipatiom 



e.8 

2.S 
IS 



1000 max _ 


volts 


-200 max 


YiAiB 


SOO max 


ma 


100 max 


ma 


250 max 


watts 


- 200 max 


watts 




POWER PENTODE 



Seven-pin miniature type having c ^ I ft 

quiek-heating, mid-tapped, coated 361 8 

filament used a.s af power amplifier 
and modulator, rf power amplifier and 
oscillator, and frequency multiplier in 
mobile and other communications equipment when compactness and low filament- 
power consumption rfre primary requirements. Designed for intermittent operation 
only. May be used with full input up to 100 Mc and with reduced input up to 
165 Mc. Class C Telegraphy maximum ICAS plate dissipation, 5 watts. Type 5618 
requires Miniature seven-contact socket and may be operated in vertical position 
with base up or down, or in horizontal position with pins 3 and 7 in vertical plane, 
OUTUNB 8, Outlines Section. For operation at 165 Mc, plate input should be re- 
duced to 90 per cent of maximum rating. Plate shows no color when tube is. oper- 
ated at maximum ICAS ratings. 



Filament ARRANOBUBiNT Stria 

Filament Voltage (ac/dc) 6 

Filament Current 0.28 

Direct Interelectrode Capacitances: 

Grid No.l to piate 

, Gri4 N«>1 to lUament raid-tap, grid No,3, internal shield, and erid No.2 

Plate to filamoit mid-tap, grid No.3, internal abldd, and grid Ho.2 ... 

AF POWER AMPLIFIER AHD MODUUTOR— Clait Ai 
Maximum ICAS Ratlngsi 

DC Plate Voltagb 300 mas 

DC GRn>-Ne.2 Voltaqb 125 max 

Input '. '. '. *. '. * '. '.'. 2 max 

iFtJ^SrafflPATicm 



ParalUt 

0.46 

0.24 max 
-1 
5 



amptfc 

iiitt 



volta 
volts 
watta 
watt! 
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RCA Transmitting Tubes 



Circuit Values: .^^^^ 

Gri4-No.l-Circutt ReslBtance 100000 max 

RF POWER AMPLIFIER AND OSCILLATOR— Clasi C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maxtmum ICAS RatlnQs: 

DC Plats Voltagb 800 max 

DC Glin)-No.2 VM.TAOB 126 max 

DO GRn>*No.l Voltage -125 max 

DC Plate Current 30 max 

DC GEti]>-No.l CUBBBafT 3 max 

Plate Input ■ 5 max 

Gbid-No.2 Input 2 max 

Plats DrasEPATtoM 5 "w* 

Circuit Values: . 

GiW-Ncl-CIPcuit KflsistuuM - jqq^ ^ 



ohms 
ohms 



VOltB 

volts 

volts 
ma 
ma 
watts 
watts 
WRttt 



ohms 
ohnu 



MEDIUM-MU TRIODE 



M ^ iw P Pencil-type tube used in cathode- / _L \ 

50/5 drive circuits as rf power amplifier and co J 

oscillator. Designed for use In coaxial- k^X'/X / 

cylinder-type circuits, it may also be (r 

used in parallel-line or lumped cir- h h 
cuits. May be used with full input up to 3000 Mc. Class C maximum CCS plate 
dissipation, 9 watts. The tube may be operated in any position. Outune 70, Out- 
lines Section. 

Hbateb Voltaob (ac/dc) 6,3 volts 

Heater Current 0 . 135 ampere 

Transconductance* , 6200 ^imhoa 

Amplification Factor* 20 

Plate Resistance (Approx.)* 3225 ohms 

Direct iNTE!tEi,ECTRffl>B Capacitancsbb: 

Grid to plat« 1.4 ftitt 

Grid to cathode and heater 2.8 , mil 

Plate to cathode and heater 0.09 maa; . 

* Plate^upply vtdts, 185; cathode reuator, 68 ohnu; fdate miUiamperos, 24. 

RF POWER AMPLIFIER AND OSCILLATOR— Oo%> C 
Maximum CCS Ratings: 

DC Plate Voltaob ; 800 max v(rit»« 

DC Grid Voltaob -M-waa: .volts ■. 

DC Platk Current , 80 max ms% 

DC Grid CtniRBNT 8 max 

Plate Input Smax watta^i 

Plate Dissipation" 6 max watta 

Peak Hbatbr-Cathode Voltage: 

Heater negative witli respect to cathode 90 max volts 

Heater positive with respect to cathode 90 max volts 

, Platb-Shal Tejipbbature 175 max . °C 

Typical Operation as Cathode-Drive Oscillator at 1700 Mc:* 

DCeUteVolW 120 voiti 

DC Grid Voltage -8 wits 

From a grid resistor of 2000 ehma 

DC Plate Current 25 ma 

DC Grid Current (Approx.) ■ 4 . - ma 

Power Output (Approx.) 475 mw 



' In applicatioiui where the plate diaslpation exceeds 2.S watts, it is important that a large area of con- 
taet be provided between the plate cylinder and ita lead connector to provide adequate heat eonductioB.. 
e At 8000 Me, and with foil ratings, a useful output of approximately 60 mflUwatta may be obtained^ 
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AVERAGE CHARACTERISTICS 
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40 


(A 
























03 





t20 IftO 
PLATE VOLTS 



240 aM 
UCM-T14JT 



5686 



BEAM POWER TUBE 

Miniature, heater-cathode type used 
as af power amplifier or as rf power 
amplifier at frequencies up to 160 Mc. 
Requires Noval nine-contact socket 
and may be operated in any position. 
Outline 6, Outlines Section. The 5686 is a premium type and is subjected to spe- 
cial tests and controls during manufacture. 



Heater Voltaob (ac/dc). 
Hbatbr Currbnt 



«.8 
0.86 



VOltB 

ampere 



DiRBCT INTERBLECTRODE Capacitances: 

Grid No.l to plate 

Grid No.l to cathode, heater, gcrid No.8, and grid No.2 . . . 
Plate to cathode, heater, grid No.8, and grid No.2 

With external shield connected to cathode and grid No.8. 



Without 
External 

Shield 
0.11 max 

6.4 
i 



With 
External 
Shi^ 
0.08 maie 
6.6 
8.6 



Mitt 



AP POWER AMPLIFIER— Clau Ai 

Maximum RaMngs: 

Plate Voltage 275 max 

Grii>-No.2 Voltage 275 max 

Grid-No.2 Input ^ 3.3 max 

PI.ATB Dissipation 8,25 max 

■Peak Heater-Cathode Voltage: 

Heater negative wirh respect to cathode 100 max 

Heater positive with respect to.Cathode , , . 100 max 

Typical Operotion and Choractsrtsflese 

Plate Voltage 250 

Grid-No.2 Voltage 250 

Grid-No. 1 Voltage , ^..^ _12 5 

Peak AF Grid-No.l Voltage , .* " ! 12 ! 5 

Zero-Signal Plate Current 27 

Zero-Signal Grid-No.2 Current 3 

Plate Resistance (Approx.) 45000 

Transconductance 3100 

Load Resistance. ; gooo 

Mu^num-Signal Fever Output ■ 2.7 



volts 

volta 
watts 
watts ' 

volts 



volts 
volts 
volts 
volts 
ma 
ma 
ohms 
;imhos 
ohms 
watts 
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RCA Transmitting Tubes 



Maximum Circuit Values; ' ' 

Grid-No.l Circuit Resistance: 

Por fixed-biaa operation 0.1 mar 

For liathode-bias operation 0.6 max 

RP POWER AMPUFIER— Class C 

Moximum Ratings: 

Plate Voltage 278 max 

GBro-No.2 V<H.TAGB 275 max 

Gbid-No.1 Voltagb -165 max 

Plats CtntBSNr 44 max 

Gkid-No.2 CintRBNT 16.5 max 

Grid-No.! Cubbent 3.8 max 

Flats Input 11 max 

Grid-No.2 I>fPUT 3.8 max 

Plate Dissipation 8.26 n»oa! 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode , 100 max 

Heater positive with respect to cathode 100 toox 

Typical Operationi Ai frequeadet up to 180 Me 

Plate Voltage 250 250 

Grid-No.2 Voltage 180 250 

Grid-No.l Voltage -30 -50 

From grid-No.l resistor of 15000 25000 

Peak RF Grid-No.l Voltage 50 75 

Plate Current , SO 40 

Grid-No.2 Current (Approx.) 6.S 10,6 

Grid-No.l Current (Approx.) 2 2 

RF Grid-No.l Driving Power (Approx.) 0.1 0.15 

Power Output (Approx.) 5 6.5 

UBefut Power Out[Hit at 126 Mc ..• •••• ~ ^-^^ 

Maximum Circuit Voloes: 

Grid-No.l Circuit Reaistance 50000 max 



niegohm 
m^hni 



volts 
volts 
volts 
ma 
ma 
ma 
watta 
watts 
watts 

volts 
volts 



TOltS 

vtAisa 
volts 
ohms 

TOltS 

ma 
ma 

ma 
watt 
watts 
watts 



ohma 




POWER TRIODE 

Forced-air-cooled heater-cathode 
C^i.o . .type having integral radiator used in 
3/ lO grid-drive circuits and in cathode- 

drive circuits up to 220 Mc. Class C 

Telegraphy maximum CCS plate dis- , ri'i>H 
sipation, 250 watts. This type may be operated in v«ti<Mil position (mly, radiator 
up or down. Outline 91, Outlines Section, 

Heater Voltage (ac/dc) ° •. - 3.3 =fc 0.2 volts^ 

Heater CunRENT 11 . 5 amperet V 

Amplification FACTOtt* 25 

Direct Interblectrode Capacitances (Approx.) : 

Grid to plate 10.8 itut 

Grid to cathode and heater 24 niii 

Plate to cathode and heater 0.6 nfit 

° Heater voltage must be applied for a minimum time of 2 minutes before apf^iisition of plate v<Ata|^ 
* Plate volta, 1000; plate milliamperes, 150. 



. ' ■ RF POWER AMPLIFIER AND OSCILLATOR— Clan C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS RaKngst 

DC Plate Voltage 1600 max frolt» 

DC Grid Voltage , -260 mar volts 

DC Plate Current : 300 max ma" 

DC Grid CuRRBiNT - 50 max ma. 

Plate Input 450.max watta' 

11^1^ BiSSIPATlOH . , 260 m«a! watts 
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Technical Data 




5718 



MEDIUM-MU TRIODE 

Premium subminiature heater- 
cathode type used as r{ amplifier and 
oscillator. May be used with full input 
up to 1000 Mc. Class C maximum 
CCS plate dissipation, 3.3 watts. Tube 
may be operated in any position. Outline 3, Outlines Section. The flexible leads 
of the 5718 are usually soldered to the circuit elements. Soldering of the leads may 
be made close to the glass stem provided care is taken to conduct excessive heat 
away from the lead seal. Otherwise, the heat of the soldering operation will crack 
the seals of the leads and damage the tube. Plate shows no color when tube is oper- 
ated at maximum CCS ratings. 



HsATBR Voltage (ac/dc) 

Heater Cubbbnt 

tsanscomductangb* 

Amplification Factor* 

PiiATB Resistance (Approx.)* 

Direct Intekelectiiode Capacitances: 

Grid to plate 

Grid to cathode and heater 

Plate to cathode add heater 

* Platewpply vtAta, ISO; cathode resistor, 180 ohms; plate mlUiamperGa, 13. 

RF AMPUFIER AND OSCILLATOR— Cta» C 



Maximum CCS Ratings; 

DC Plate Voltaub 

DC Grid \'oi,ta(;e 

DC Plate Cuurent 

DC Grid Current 

PiA-m Dissipation 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 
Heater positive with respect to cathode. 

Bulb Tehperature 



6.3 
0.15 
6500 

27 
4160 

1.4 
2.2 
0.7 



166 max 
-55 max 
22 max 
5.5 max 
3.3 max 

200 max 
200 max 
250 max 



volts 
ampere 
/imhoi 

obm$ 

Hilt 



volti 
volts 
ma 
mk 
watta 

volts 
volts 



Maximum Circuit Values: 

Grid-Circuit Resistance: 

For cathode-bias operation . 
For fixed-bias operation . . . 




BEAM POWER TUBE 



1.2 max megohms 
Not reooupmended 



5763 



Nine-pin miniature heater- 
cathode type used as r£ power ampli- 
fier and oscillator and as frequency 
multiplier. May be used with full in- 
put up to 50 Mc. For operation at 175 
Mc, plate input should be reduced to 80 per cent of maximum rating. Class C 
Telegraphy maximum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires 
Noval nine-contact socket and may be operated in any position. Outline 9, Out- 
lines Section. Plate shows no color when tube is operated at maximum CCS or 
XCAS ratings. 

Heater Voltage (ac/dc) g 

Heater Cument o 76 

Tbansconductance* *.."." 7000 

Mu-Pactor, Grid No.2 to Grid No.1*. . . '. . . . ! .' .' ." . ." .' .* 

Direct Intuhkijdctroi^e Capjvoitancbs: 

■ Cnd No.l to plati! ' _ 

■ (Jrid No.l t.j Lailn>a<;, grid No.3, grid No.2, and heater ............... 

; Plate to cathode, grid No.3. grid No.2, and heater 

**NS»Mi grid-No.e volts, 250; grid-No.l volts, -7.5; plate mUIiamperes, 4S, 



16 
O.ansox 
4.6 



volte 

amperea 
^mhoa 
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'R€A Transmitting Tubes 



PLATE-MODUUreO RF POWER AMPIIFIER— Class C TelBphony 

Maximum Ratingi: y :, ' ' ■. CCS WAS 

DC Plate Voltage 2S>0 max 300 mai volts 

DC Gbii>-N0.3 Voltage 0 max 0 max ,- volts 

DC Grid-No.2 Voltage 250 max 26ft ma* . vrfte 

DC GriId-No.1 Voltage -125 maz -125 max volts 

DC Plate Currbnt '*P *»<»* 50 max ma 

DC Grid-No^ Current. 15max IS max m* 

DC Gbu>-No.I CURBmfT 5 max 5 mas ma 

Plate InTOT 10 max XS max wafts 

GRn>-No;2 Input . .1.5moa: l.Smox watts 

Plate Dissipation S max 12 max watts 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode ■ 100 max lOO^viax volts 

Heater posilive with respect to cathode 100 max 100 max volts 

Bulb TBiiraBATUltE(Xt hottest jMint) 250 max 260 max 'C 

Typkat Operation at FrttquAneies up to 30 Mo 

DC Plate Voltage 250 300 volts 

Gild No.3 Connected to cathode at socket 

DC Grid-No.2 Voltagei 250 250 volts 

DC Grid-No.l Voltage" -39 -42.5 volta 

From grid-No.l r»istoT of 39000 18000 ohms 

Peak RF Grid-No.l Voltage 46.5 53 . 5 volta 

DC Plate Current 40 . .50 ma 

DC Grid-No.2 Current 5.6 .6 ma 

DC Grid-No.l Current (Approx.) ■ 1 2.4 ma 

Driving Power (Approx.) . . 0.05 0.15 watt 

Useful Power Output (Approx.) ; . 6.4" tO" watts 

Maximum Circuit Voluei (CCS or ICAS conditions): 

Grid-No. l-Circuit Resiatfincc 0.1 max megohm 

i Obtained preferably from sei>aratf source modulated along with the plate supply, or from the modu- 
latfd plate supply through a series resistor. 

° Obtained from grid-No.l resistor of value shown or from a combination of grid-No.l resistor with 
either fixed supply or cathode resistor. 
■ Measured at load of output circuit. 



RF POWER AMPLIFIER AND OSCILUTOR— Class C Telegraphy 

and 

RF POWER AMPUFIER— Clou C PM Telephony 

Maximum Ratingi: CCS ICAS 

DC Plate Voltage ; 300 max 350 max 

DC Gbid-No.3 Voltage 0 max 0 viax 

DC Gb!D-No.2 Voltage 250 max 250 max 

DC Grid-No.I Voltage -126 max -125 max 

DC Plate Cuhrbnt ■, . . . 50 max ■ 50 mox 

DC Gbid-No,2 Current 15 max 15 max 

DC Grid-No.1 Current .' 5 max 6 max . 

Plate Input 15 max 17 max 

Giui>-No.2 Input 2 max . 2 max 

Plate Dissipation 12 max 18.5 max 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 100 max 100 max 

Heater positive with respect to cathode : . . . 100 max 100 max 

Bulb Tbhpbratubb (At faottMt point) 250 max 260 max 

Typical Operotlom 30Mc soMr soMr 

DC Plate Voltage 300 300 350 

Grid Np. 3 Connected to cathode at socket 

DC Grid-No.2 Voltage 250 250 250 

DC Grid-No.l Voltage 6 -28 . 5 -60 -28,5 

From grid-No.l resistor of 18000 22000 18000 

Peak RF Grid-No.l Vidtaee 87.6 80 37 

DC Plate Current BO 50 ,48.5 

DC Grid-No.2 Current 6 • «..2 

DC Grid-No.l Current (Approx.) 1.6 3 l.« . 

Driving Power (Approx.) 0.1 0-85 0.1 

Useful Power Output (Approx.) 10.8" 7" 12" 



volts 

volts 

V0lt3 

volts 
ma 
ma 
ma 
watts 
watts 
watts 

volts 
volta 
*C 



volts 

volts 
volts 
ohms 
volts 

ma 

ma 

ma ~ 
watt 
watts ^ 
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0,1 max mogohin 



Maximum Circuit Values {CCS or ICA5 conditions): 

Grid-No.l-Circuit Resistanco 

6 Obtained from Sxed supply or from grid-No.1 reditor of value ihown. 
' Measured at load of ou^ut circuit. ( 

FREQUENCY MULTIPLIER . . 
CCS Ratings, Same as For Plate-Modulat«d RF Power Amplifier, ICAS, except: 

Grid-No.2 Ini'ut 2 max 

Typical Operation at Frequencies up to 175 Mc: 

DC Plate Voltage , 



watts 



DC Grid-No.2 VoUage . . 
DC Grid-No.l Voltage 6 



Peak RF Grid-No.l Voltage 

DC Rate Current 

D<C Grid-No.2 Current 

DC Grid-No.l Current (Approx.) , 

Driving Power (Approx.) 

Useful Power Out|)ul (Approx.). • 



Maximum Circuit Values: 

Grid-No.l-Circu]t ResiBtance 

** Obtained from 300-volt supply, with eeriea resistor .of 12,500 ohms. 
6 Obtained from fixed supply or from grid-No.! resistor of value shown. 
■ Measured at load of output circuit. 



AVERAGE CHAflACTERISTJCS 



Doubler 


Tripler 




300 


300 


volte 


Connected to cathode 


at socket 


** 


a* 


v(dts 


-75 


-100 


volts 


75000 


100000 


ohms 


95 


120 


volte 


40 


35 


ma 


4 


5 


ma 


1 


1 


ma 


0.6 


0.6 


watt 


2,1" 


1.3" 


watts 




0.1 max 


mesolun 




ago 400 
PLATC WLTS' 



«icu-m«f 




5786 



POWER TRIODE 

Forced-air-cooled thoriated-tung- 
sten-filament type having integral ra- 
diator used as af power amplifier and ■ 
modulator and as rf power amplifier 
and oscillator. May be used with full 
input up to 160 Mc. Class C Telegraphy maximum CCS plate dissipation, 600 
watts. May be operated in vertical position only, filament end up or . down. OUT- 
LINE 94, OuMnea Section. 



FiLAUBHT VOLTAQB (AC/OC) . . 

FiLAHBNT Current 

FtLUfBNT STARTIKO CURRBNT. 

AupUFicATiON Factor* 



u *.o,e 

12.6 . . 
60 max 
82 ■ 



' .v<rttp 
.amperes 
ampeffei 
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RCA Transmitting Tubes 



Direct Interelectrode CAPAaTANCBs: 

Grid to plate 5.3 wtf 

Grid to filament mid-tap 4.7 wJ 

Plate to filament mid-tap 8.8 pfrf 

* Grid volts, -25; plate milliamperea, 200. 

AF POWER AMPLIFIER AND MODULATOR— Clasi B 

Maximum CCS Rolingt: 

DC Plate Voltage 4000 max volt* 

Maximum-Signal DC Plate Curkbnt" 500 mox ma 

Maximum-Signal Plate Input" 1500 max watta 

Plate Dissipation" 600 tna* . watta 

■ Averaged over any audio-freqiiency cycle of sine-wave form. 

PLATE-MODULATED RF POWER AMPUFIER— Class C Telephony 

Maximum CCS Ratings: 

DC Plate Voltage 2500 max volta 

DC Grid Voltage -600 max valtM 

DC Plate Current 400 max ma 

DC Grid Current 150 max ma 

Plate Input 1000 max watta 

Plat» DiaaiPATioN ■too max watte 

RF POWER AMPLIFIER AND OSCILLATOR— Clou C Telegraphy 

and 

RF POWER AMPLIHER— Claw C FM Telephony 

Maximum CCS Ratings: 

DO PLAtB Voltage SOOO bioj volti 

DC Grid Voltage -BOO mux volta 

DC Plate CUBRBNT 500 max ma 

DC Grid CUBRENT 150 max ma 

Plate Input 1500 max watts 

PLATB Dmbipation 600 Mwar watti 



5794 



FIXED-TUNED OSCILLATOR TRIODE 

Pencil-type tube having integral resonators 

used in radiosonde service at 1680 Me. Fixed- 
Tuned Oscillator maximum plate dissipation, 
3.6 watts. May be operated in any position. The 
5794 is identical with type 6562/5794A except 
that the 5794 does not have an external connec- 
tion between the cathode and one side of the 
heater and requires a socket [or the heater pins. 
Outline 74, O^Ulincs Section, The 5794 ia a 
DISCONTINUED type listedfor reference only. 




INTEGRAL 
LOOP 

COUPLINC RESONATORS 



5794A 



FIXED-TUNED OSCILLATOR TRIODE 

See type fi6fi9/S794A. 



5876 
5876A 




HIGH-MU TRIODE 

Pencil types used as rf power am- 
plifier and oscillator in airborne and 
mobile equipment at altitudes up to 
' 100,000 feet without pressurized cham- 
bers. May be used with full input up 
to 1700 Mc and with reduced input up to 3000 Mc. Designed for use in coaxial- 
cylinder-type circuits, but may also be used in parallel-line and lumped circuits. 
The 5876A meets the performance and environmental requirements of specifica- 
tion MIL-E-lD 1043 (AF). Type 5876 is used in applications not requiring special 
performance and environmental characteristics; otherwise, the 5876 is electrically 
and mechanically identical with type 5876A. Tulies may be operated in any posi- 
tion. Outline 70, OiUHnea Section. 4 
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Technical Data 



Heater Voltage (ac/dg) 6.8 volta 

Heatehi Current 0.185 ampere 

Transconductamce° 6600 itwihoa 

Amplification Factor" 56 

Flats Besistamcb (Approz.)** i62S ohms 

Direct iHTKtELECTBODB Capacitahgbs: 

Grid to plate '.- ni^ 

Grid to cathode and heater 2.4 . inii 

Plate to cathode and heater 0.085 , «rf 

<*Plate-8upply volta, 250; cathode resiator, 75 ohms; plate milUamperes. 18. 

RF AMPLIFIER— Class ABi 

Maximum CCS RaMngsi Up to 1700 Mc 

DC Plate Voltage 300 max volts 

, DC Grid Voltage -100 nMiaf volts 

DC Plate Current 25 mo* n« 

Plate Dissipation' • • • 6 . 25 max ^ watts 

Peak Hbater>Catbodb Voltage: 

Heater negative with respect to cathode 90 max volta 

Heater positive irith respect to cathode 90 ma* volts 

Maximum Circuit Valuesi 

Grid-Cirouit Resistance O.Bmax megohm 

RF POWER AMPUHER AND OSOLLATOR— Class C Telegraphy 

Maximum CCS Ratings: Up to 1700 Mr. 

DC Plate Voltage 360 max volts 

DC Grid Voltage -lOOwoi volts 

DC Plate Current 26 max volts 

DC Grid Current 8 max volts 

Plate Input ■ 9 max ' . watts 

Plate Dissipation" 6.26 maa; ■ watts 

Peak Hbat^Cathodb Voltage: 

Heater negative with respect to cathode 90 max volta 

Heater positive with respect to cathode 90 max . volts 

Typical CCS Operation as Oscillator in Cathode-Drive Circuit: 

At At At 

500 Me 1700 Mc 3000 Me 

DC Mate-to-Grid Voltage 262 ' 252 262 • volts 

DC Cathode-to-Grid Voltage 12 2 2 volts 

DC Plate Current 23 28 26 ■ ma 

DC Grid Current (Approx.) 6 3 4 ma 

Useful Power Output (Approx.) 3 0 . 75 0.1 watts 

Typical CCS Opwatlon as RF Power Amplifier in Cathode-Drive Circuit at 500 Mcs 

DC Plate-to-Grid Voltage , 326 ' . volts 

DC Cathode-to-Grid Voltage 51". v<dts 

DC Plate Current ■ .' 28 ma 

DC Gijd Current (Approx.) 7 ma 

Driver Power Output (Approx.) , 2 watts 

Useful Power Output (Approx.) 5 wvtts 

M<iximum Circuit Values: 

Circuit Resistance 0.1 max megohm 

PLATE-MODUUTEP RF POWER AMPLIFIER— (Ilass C Telephony 

Maximum CCS Ratings; Up to 1700 Me ' 

DC Plate Voltage 275 max volts 

DC Grid Voltage » • • • ■ -100 mo* volts 

DC Plate Current: 22mo3? ma 

DC Grid Cobrent ^ ■ 8 max ' . -ma 

Plate Input 6-0 ™a« watts 

Plate Dissipation" 4.25 maar watts 

Peak Hbatbr-Cathodb V(H,tage: 

Heater native with respect to cathode 90 mtoe volts 

Heater positive with respect to cathode 90 max ...volts 

Maximum Circuit Values: 

iQriarQEeuit Resistance 0.1 max megohm 
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RCA Transmitting Tubes 



rREQUENCY MULTIPLIER 

MaXtimim CCS Ratings: 

DC Plate Voltage , 

DC Grid Voltage 

DC Pl.\te Current 

DC Grid Current 

Plate Input 

Plate Dissipation 

Peak Hbateb-Cathodb Voltagb: 

Heater negative with respect to cathode. 

Heater ptMitive with respect to cfithode 



Typical CCS Operalion in Cathode-Drlva .Cb'cuitt 

DC Plate-to-Grid Voltage 

DC Cathode-to-Grid Vintage 

DC Plate Current 

DC Grid Current (Approx.j 

Driver Power Output (Approx.) 

UsefBl Power Output (ApiHrax.) 



Tripler 
to U80 Mc 
390 
90 
18 
6 

2.1 
2.1 



Up to 1 700 Mc 
330 max 
-too max 
22 max 
8 -max' 
7 . 6 max . . 
6.26 truia; 

90 max 

90 max 

Doiibler 
to 960 Mc 
370 
70 
17.3 
7 

2 
2 



volts 
Volts 
ma 
ma 
watts 
watts 

volts 
volts 



volts 
volts 
ma 
ma 
watts 
watts 



Maximum Circuit Vatuas: 

Grid-Circuit Resistance OA max 0.1 mux megohm 

■ In applicationa where the plate dissipation exceeds 2.5 watts, it is important that a large area of con- 
tact be provided hetween the plate cylinder and the terminal to prnvide adequate heat conduction. 



AVERAGE CHARACTERISTICS 




"35 Im 

Fuat votn 



ns — ' — i»o 

«MM-r4l«T 




MEDIUM-MU TRIODE y-^h^ *^ 

Pencil-type tube used as plate- 
pulsed oscillator, as rf power amplifier cz 
and osdllator, and as frequency dou- 
bier. May be used with full input up to 
2000 Mc in cw service and in pulsed h" 
applicationa up to 4000 Mc. Designed for use in coaxial-cylinder-type circuits, it 
ma/ also be used in parallel-line amd lumped circuits. Class C Telegraphy maxi- 
mum plate dissipation, CCS 7 watts, ICAS 8 watts. May be operated in ajuy posi- 
tion. Outline 71, Outlines Section. 

Heater Voliagb ( ac/dc) : 6.0+5% volts 

-10% 

HfiATER CUBBBNT • 0> 280 UVpflVB 

^^BAHBCONDUCTANGS*' 6000 naHum 

aAaiPiJFicATnm Factor* 27 . 
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Technical Data 



Direct Intebblectrodb Capacitances: 

Grid to plate 1,7 mit 

Grid to cathode and heater 2.4 mit 

FUte to cathode and heat^ 0 . 07 moa ufd 

* Ptate-Bupply v<dtB. 200; cathode resistor, 100 ohnu; plate mflliamperea» 26. 

RF AMPURER— Class Ai 

Maximum CCS Ratings: VptoSMtOMe 

DC Plate Voltage 330 max volts 

DC Grid Voltage -100 mass volts 

DC Plate Cubrent 36 max ma 

Plate Dissipation 7 max watts 

Peak Heater Cathode Voltage: 

Heater negative with respect to cathode 90 max volts 

Heater positive with respect to cathode 90 max volts 

Plate seal Tsuperaturs 176 ntax "C 

Maximum Circuit Value: 

Grid Circuit Resistance 0.6 max megohm 

PLATE-PULSED OSCILLATOR'*^CIas$ C 

Maximum CCS Ratings: For a maximum on Hm*' of S nrnmateondt jj^ to mo Mc 

Peak Positive-Pulse Plate-Supply Voltage* 1760 moa; volts 

Peak Negative-Pui^e Grid Voltage 160 max volts 

Peak Plate Current from Pulse Supply 3 max amperes 

Peak Rectified Gkid Current 1.3 max amperes 

DC Plate Current 3 max ma 

DC Grid Current 1.3 m<uj ma 

Plate Dissipation* 6 max watts 

Duty Factor" 0.001 max 

PuiaE Duration 1.5 max /isec 

Plate-Seal Tbkiperature 176 max "C 

Typlcol Operation with Rectangular Wave Shape in Cathode-Driva Circuit at 3300 Met 

With didii factor* of 0.001 

Peak Positive-Pulse Pl:ite-Supply Vollayt* 1750 volts 

Fealc Negative-Pulse Grid Voltage 110 volts 

From grid resistor of 100 ohms 

Peak Plate Current from Pulse Supply 3.0 ampovs 

Peak Rectified Grid Current 1.1 amperes 

DC Plate Current ^ 8 ma 

DC Grid Current 1.1 ma 

Useful Power Output at Peak of Pulse t (Approx.) 1200 watts 

Pulse Duration 1 /isec 

Pulse Repetition Rate 1000 pps 



* In this class of service, tlie heater should be allowed to warm up for a minimum of 60 seconds before 
plate voltage is applied. 

• OAT time for ttiis tul)o ia the sum of the dural ions of all tlie individual pulses which occur during any 
5000-microsecond interval. Pulse duration is defmtKl as the time interval between the two points on the 
pulse at which the instantaneous value is 70 per cent of the peak value. The peak. value is defined as the 
maximum value of a smooth curve through the average of the fluctuations over the top portion of the 

pulse. 

♦ The niajjnitude of any spike on the plate voltune pulse should not ex<^eed a value of 2000 volts with 
respect to cathode, and its duration should not exceed 0.01 microsecond measured at the poak-pulse- 
value levd. 

* In applications where the plate dissipation exceeds 2.5 watts, it is important that a large area of con- 
tact be provided between the plate i^linder and the connector in order to provide adequate heat con- 
duction. 

■ Duty factor is the product of pulse duration and repetition rate. For variable pulse durations and pulse 
repetition rates, the duty factor for this tube ie d^ned as the ratio of time "on" to totid elapsed time 
in any 5000-microsecoad interval. 

4 This value is determined from the aver.ige power output using the duty factor of the peak power- 
output puls& This procedure is necessary because the powe^output-pulse duty factor may be less than 
the appUed-volti^putoe duty factor because of a dday in the start pf rf power output. 

PLATE-MODULATED RF POWER AMPLIFIER— CIoh C T*lttphony 



Maximum Ratingu Up to ZOOO Me CCS WAS 

DC Plate Voltage 260 moa; 820 max v<rtt8 

DQCam VcodT^ . .- *100 max -100 nwB volt» 

l^^im'mmss^'.^ ; SSmoa; ZZmax ma £ 



177 



RCA Transmitting Tubes 





15 'tiidx 


ttldX 


ma 




S . 0 max 


10.6 max 


watts 




S max - 


6.6 max 


watts 


Peak Heatbr-Cathods Voltaqb: 










90 max 


90 max 


volts 




90 max 


90 max 


vtdts 




175 max 


176 max 


•c 


Typical Operation in Cathode- Drive Circuit at 500 Mc: 


CCS 


ICAS 






286 


845 


TOttB 




86 


45 


VOttB 




80 


80 


ma 




11 


12 


ma 




1.8 


2.0 


watts 




5.5 


6.6 


watts 


Maximum Circuit Values [CCS or iCAS conditions): 












0.1 maz 


meeoiun 



* In applications where the piate diasipatioa exceeds 2.5 watts, it is important that a large area of con- 
tact be provided between the plate cylinder and the connecttn- In order to provide adequate heat con- 
duction. 

6 Obtained from grid reeiator. 



RF POWER AMPLIFIER AND OSCItLATOR— Class C Telegraphy 

and 



RF POWER AMPUFIER— Class C FM Telephony 



Maximum RaHngst • ' ■ Upio-9000Mc 


CCS 


ICAS 






320 


400 niax 


volts 




-100 max 


-100 vtux 


volts 




35 nuix 


40 max 


ma 




15 vuur 


. 15 max 


ma 




11 -maj- 


IG max 


watts 




7 max 


8 max 


watts 


Peak Ueater-Cathodb Voltage: 










90 max 


90 max 


volts 




90 tnox 


90 max 


V(dt8 




175 max 


176 viax 





Typical Operation as RP Power Amplifler in Cothode-Drive Circuit: 

SOO Me iOOO Me 

DC Plate-to-Grid Voltege 

DC Cathode-to-Grid Voltage 6 

DC Plate Current .■ ■ 

DC Grid Current (Approx.) , 

Driver Power Output (Approx.) . . . 

VaeCul Power Output (Approx.) 

Typical Operation as OKillotor In CoHtode-Drive Circuit at 500 Mc: 

DC Pl!ite-to-Grid Voltage ; , 847 

DC Cathode-to-Grid Voltage^ 47 

DC Plate Current 88 

DC Grid Current (Approx.) ■■, . . 18 

Useful Pow<;r Output (Approx.) 6 

Maximum Circuit Values (CCS or ICAS conditions): 
Grid-Circuit Reidstanee 



SOO Me 1000 Me 



847 


380 


401 


888 


VOttB 


47 


30 


51 


88 


volts 


33 


83 


35 


35 


ma 


13 


12 


13 


13 


. ma 


2 


1.9 


2.6 


2.4 


watts 


7.6 


6.5 


8.6 


6.5 


watts 



401 
61 
S6 
13 
6 



volts. ' 
volts 

roa-5 
ma'J- 
watts ' 



0.1 max megohm 



FREQUENCY DOUBLER 



Maximum Ratings: Up to 2000 Mc 


CCS 


ICAS 






260 max 


320 max 


volts 




-100 max 


-100 7nax 


volts 




33 wax 


33 max 


ma 




12 max 


12 max 


ma 




8.6 max 


10.5 max 


watts 




6 max 


7.5 max 


watts 


Peak Hrater-Cathode Voi-tage: 










90 max 


90 max 


volts . 




90 max 


90 max 


volts 




176 max 


176 max 
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1^^^ — ,-11--. --- -n — Technical Data 



Typical Operation as Doubler to 1000 Mc in Cafhode-Mve Orculfe 

DC Plate-to-Grid Voltage 

DC Cathodu-to-Grid Voltage6 

DC Plate Currect 

DC Grid Current (Approx.) 

"Driver Power Output (Approx.) 

Useful Power Output (Approx.) 



290 


850 


40 


60 


33 


83 


7 


8 


3.2 


8.6 


2.76 


8.0 



volts 
ms 
ma 
watU 
watta 



0.1 max megohm 



Maximum Circuit Values (CCS or )CAS conditions): 

Grid-Circuit Resistance 

* In applications where the plate dia^pation eiceeds 2.6 watts, it is important that a large area of con- 
tact be provided between the plate cyUuder and the connector in order to provide adequate heat con- 
duction. 

6 Obtained from grid resistor. 



AVERAGE CHARACTERISTICS 




PLATE VOLTS 



UChH7*IOr 



^■^^ TWIN BEAM POWER TUBE 

CS/X^^^y^^J^' Hm Small, heater-cathode type for af power 

®rl rvCi) amplifier and rf power amplitier and oscillator, 
VV _ J lY and frequency- multiplier service at frequencies 

C)Bs/-v[ A-"-"" Lci "P ''•f'O ^^c. Heater volts (ac/dc). 6.3 (par- S^^A' 
^■(^/rKlZ^'/y^ iii!t;l), 12.6 (series); amperes, 1.8 (parallel), 0.9 
^^/^X//^ (series). Direct interelectrode capacitances 

(ly-^j) (each unit): grid No.l to plate, 0.08 max tifif; 

grid No.l to cathode, grid No,3, internal shield, 
grid No.2 and heater, 11 fifd; plate to cathode, 
grid No.3, internal shield, grid No.2 and heater, 3.4 /(^. Requires Septar seven-contact socket and may 
be operated in vertical position, base up or down, or in horizontal position with plate terminals in hori- 
zontal plane. Maximum over-all length, 4-5/16 inches; maximum diameter, 1-16/16 inches. Maximum 
CCS ratings as PUSH-PULL RP POWER AMPLIFIER AND OSCILLATOR: dc plate volts, 600 
max; grid-No. 2 volts, 250 max; dc grid-No.l volts, -175 max; dc plate ma., 220 max; dc grid-No.l ma., 
10 7nax; plate input 120 max watts; grid-No.2 input, 7 max watts; {date dissipation, 40 max watts. The 
5884 is a DISCONTINUED type listed lor reference only. 




POWER TRIODE 

Forced-air-cooled heater-cathode cr>AZ. 
type used as plate-pulsed oscillator 3940 
and amplifier. May be used with full 

input up to 1300 Mc. For operation at 
2000 Mc, plate voltage and plate input 
should be reduced to 75 per cent of maximum ratings. Class C maximum plate dis- 
il|pation, 250 watts. Tube may be operated in any position. Outline 89, Outlines 
Section. A minimum air flow of 16 cubic feet per minute should be directed through 
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the radiator toward the bulb and grid terminal when the 5946 is operated at maxi- 
mum rated dissipation. Air flow should start before and continue during application 
of any voltages to the tube. Heater power, plate power, and air may be removed 

simultaneously. Maximum temperatures: radiator (measured on core at end adja- 
cent to plate ring), 180°C; grid terminal, 150°C; plate, grid, and cathode seals. 



Hbatbr Voltage (ac/dc) " 

Hbateir Current 

AifPLiFicATioN Factor* 

Direct Interblecthode Capacitancbs: 

Grid to plate 

Grid to cathode and heater 

Plate to cathode and heater'^ 



6.3 
3.4 
25 



volts 
amperes 



' 6 «»I 

11 «J 

0.19 M(f 

* Heater volt^e must be applied for a minimum period of 1 minute before the appli<^tioii of plate 

voltage. 

* Grid volts, -15; plate milliampiires, 250. 
°With external shield connocted to grid. 

Maximum Rating,: PLATE-PULSED OSCILLATOR AND AMPLIFIER-Class C 
For an ON «me* of 

Peak Positive-Pui.se Plate-Supply Voltage* , 

Peak Ne-^ative-Pulse Grid Voltage 

Peak Plate Cuuhent From Pui^e Supply 

Peak Rectified Grid Curkbnt < . . . . 

DC Plate Current 

DC Ghid Current 

Plate Input 

Plate Dissipation 



10 max 


100 max 


^isee 


7500 max 


7500 max 


Tidts 


600 max 


600 max 


volts 


4 . 5 max 


3 . 5 max 


amperes 


1 . 0 Tim^- 


0 . 75 max 


araperea 


45 max 


250 max 


ma 


10 max 


70 max 


ma 


340 max 


340 max 


watta 


250 max 


260 max 


watts 



AVERAGE CHARACTERISTICS 




l>LATe KH.0V0LT/(Cb) 



WCU-T9SST 



Typical Operation with Rflctangular Wave Shape in Cathode-Dr!v« Oscillator Circuit at 1250Mci 

With duty factor* of 0.01 

Peak Positive-Pulsu Plate-Supply Voltage^ 

Peak Negarive-Pulse Grid Voltage 

From cathode resistor of^ 

Peak RF Grid Voltage 

Peak Plate Current from Pulse Supply 

Peak Reptified Grid Current 

DC Plate Current 

DC Grid Current 

Useful Power Output at Peak of Pulset (Approx.) . ; 

" ON tame for this tube is defined aa the sura of tbe durations of all the individual yyvHaea which occur 
during any lOOO-microaecond interval. Pulse duration is d^nod as ^e time interval between the two 
points on the pulse at which the instantaneous value is 70 per cent of the peak value. The peak value is 
defined as the maximum value of a smooth curve through the average of the fluetiuiUons over the top 
portion of the pulse. 



6600 


7500 


veto 


375 


500 


volts 


100 - 


100 


ohms 


625 


860 


volts 


3.S 


4.6 


amperos 


0.25 


0.50 


amperes 


86 


45 


ma 


2.5 


6 


ma 


8000 


14000 


watts 
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4 The magnitude irf any spike on the plate-voltage pulse should not exceed a value of 8.6 IdlovoltB with 
respect to cathode, and its duration should not exceed 0,6 microsecond measured at the peak^pulse- 
value level. 

■ Duty factor ia the product of puUe duration and repetition rate. For variable pulse durations and pulse 
repetition rates, the duty factor for this tube ia (ieftnod as the ratio of "on" to total elapsed time in any 
500-microsecond interval. 

Olitained preferably from cathode resistor of value shown. In certain applications, partial grid-resistor 
bias may be used. 

• Determined from the average power output using the duty factor of the peak power output pulse. 
This i>rocedure is necessary because the power-output-pulse duty fiiccor may be lesa than the appUed- 
voltHije- pulse duty factor because of a delay in the start of rf power output. 




OSCILLATOR TRIODE 



6026 



Subminiature heaterrcathode 
type used in radiosonde service at 400 
Mc. Class C Telegraphy maximum 
CCS plate dissipation, 3 watts. May 
be operated in any position. Outline 
4, Outlines Section. The flexible leads of the 6026 are usually soldered to the circuit 
elements. Solderinji of the leads may bo made close to the glass-button base pro- 
vided care is taken to conduct excessive heat away from the lead seal. Otherwise, 
the heat of the soldering operation will crack the seals of the leads and damage the 
tube. Plate shows no color when tube is operated at maximiim CCS ratings. 

Heater Voltage Rancie (ac/dc)* 5.2 to 6,6 

HbATEH CUIlElENT (At fl.3 voits) 

TltANSCONDUCTANCE* 

AMI'UFICATION Factoh* 

Plate RKSiarANCE fAjiprDx.}-" 

DiEtECT Intekei.ectuooe C^AI'ACITANCES: 

Grid to plate 

Grid to cathode and beater , 

Plate to cathode and heater 

° For radiosonde applicationa in wliich the beater is supplied from bjitli^riefl and the equipment-design 
requirements of minimum size, li^hl weight, and high etlicicntry arc the primary cmaidfirBtioils even 
though the average life expectancy of the ti026 in such service is only a few hours. 
* Plate-supply volts, 120; cathode resistor, 220 ohms; plate miUiampercs, 12, 

OSCttUTOR— Clou C Telegraphy 

Maximum CCS Ratings: 

DC Flats Voltachb i , 

DC Gbid Voltagb 

Total Cathode Cu^bht , 

DC Grid Curbbnt 

Plate Input , , 

Plate Dissipation i , 

Peak Heater-Cathode Voltage 



S.2to6,6 


volts 


0.2 


ampere 


6900 


Minhos 


24 




4000 


ohms 


1.8 


itiil 


2.0 


fi/lf 


0.42 


lil.it 



160 max 
-60 max 
40 max 
10 max 
3.8 max 
8.0 max 
0 max 



vfdts 
volts 
ma 
ma 
watts- 
watts 

VtAtB 



Typical Operation as an Oscillator at 400 Met 

DC Plato Voltage 

Grid Resistor 

DC Plate Current , 

DC Grid Current (Approx.) 

Usntul Power Output 



186 
1800 
20 
9.6 
1.26 



volts 
ohms 
ma 
ma 
watts 




6146 



BEAM POWER TUBE 

Small, sturdy, glass-octal heater- 
cathode type used as af power ampU- 
tier and modulator and as rf power 
amplifier and oscillator. May be used 
with full input up to 60 Mc and with 
reduced input up to 175 Mc. Class C Telegraphy maximum plate dissipation, 
CCS 20 watts. ICAS 25 watts. 
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HEATEit Voltage (ac/dc) 6.3 volts 

Heatbr Current 1.25 amperes 

Tkanscomductancb* 7000 fimhoB 

Mu-Pactor, Grid No.2 to Grid No.l* 4.5 

Direct lNTBREiLBcmcH>B Capacitances: 

Grid No.l to plate 0.24 max nfd 

Grid No.l to cathode, grid No.8, grid Ko.2, internal i^dd. base deev6, 

and heater IS /i/tf 

Plate to cathode, grid .No.8, grid No.2, int^Tial ahidd, base sleeve, and 

heater • 8.5 md 

* Plate and grid-No.2 volts, 200; plate milliamperes, 100. 

Af= POWER AMPLIFIER AND MODULATOR— Class AB| 

Maximum Ratings: CCS ICAS 

DC Plate Voltage 600 max 750 max volts 

DC Grid-No.2 Voltage 250 moar 250 max volts 

Maximum-Signal DC Plate Cubbemt" 125 max 135 max ma 

Maxiuum-Sional PXiATE Input" 60 max 85 max watts 

Maximum-Signal Grid-No.2 Input" S max 8 tjuix watts 

Plate Dtssipation" 20 max 25 7naz watta 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 135 max 135 max volts 

Heater positive with r^pect to cathode 136 max 135 max volts 

_ . , Values are for S tal>e» 

Typical Operation: ccS JCAS 

DC Plate VolUge 400 SOO ftOO 600 750 volts 

DC Grid-No.2 Voltage* 190 185 180 200 195 volts 

DC Grid-No.l Voltage: 

With lixed-hias source -40 -40 -45 -50 -50 volta 

Peak AF Grid-No. 1-to-Grid-Ko.l Voltage"*. . 80 80 90 100 100 volta 

Zero-Signal DC Plate Current 63 57 2(i 28 23 ma 

Maximum-Signal DC Plate Current 228 215 200 229 220 ma 

Zoro-Signal DC Grid-No.2 Current 2.5 2 1 11 ma 

Maximum-Signal DC Grid-No.2 Current. .. . 25 25 23 27 26 ma 

Effective Load Resistance (Plate to plate) . . 4000 5500 7000 6000 8000 ohms 

Maximum-Signal Driving Power (Approx.) . 0 0 0 0 0 watts 

Maximum-Signal Power Output (Approx.). . 56 70 82 95 120 watts 

Maximum Circuit Values (CCS or ICAS): 

Grid-No. l-Circuit Remstanee under any condition:^ 

With fixed bias 0.1 max taegohm 

Wth cathode bias Not recommended 

' The driver stage should be capable of supplying the No.l grids of the class ABi stage with the specified 

driving voltage at low distortion. 

° The type ol Input coupling network used should not introduce too much resistance in the grid-No.l 
circuit. Transformer or impedance coupling devices are recommended. 

AF POWER AMPLIFIER AND MODULATOR— CUSS AB2 

Maximum Ratings: CCS ICAS 

DC Plate Voltage 600 max 750 max volts 

DC Grid-No.2 (screen-grid) Voltage 250 max 250 max volts 

Maximum-Sign'al DC Plate Current" 125 max 135 max ma 

Maximum-Signal Plate Input" 62,5 max 90 max watts" 

Maximum-Signal GBi]>-Na2 Input". . 8 max 3 max watts 

Flats Dissipation" 20 mouc 26 max watti 

Peak Hbatbr-Cathode Voltagb: 

Heater negative with respect to cathode 186 max 135 max vcdti 

Heater positive with respect to cathode 13S max 136 max volta 

Bulb I^mpbbaturb (At hottest point) 220 max 220 max "C 

Typical Operation (Vahm are for 2 tubes) : 

DC Plate Voltage 400 500 600 600 750 volts 

DC Grid-No.2 Voltage® 176 176 166 190 165 volts 

DC Gfid-No.l (Control-Gridj Voltage -41 -44 -44 -48 -46 vi^te 

Peak AP Grid-No. 1-to-Grid-No.l Voltage. . . 96 102 97 109 108 volts 

Zero^ignal DC Plate Current S3 27 22 28 22 ma 

Maximum-Signal DC Plate Current 232 242 207 270 240 ma 

Zero-Signal DC Grid-No.2 Current 1.1 0.7 0.6 1.2 0.3 ma 

Maximum-Signal DC GHd-No.2 Current 18 18 17 20 20 ma 

Maximum-Signal DC Grid-No.l Current. ., . 1.6 1.9 1.1 2 2.6 ma 

Effective Load Resistance (Plate to plate) , . 3700 4600 6800 5000 7400 ohms' 

Maximum-Signal Driving Power (Approx.) . 0.2 0.3 0.2 0.3 0.4 watt. 

Maximum-Signal Power Output (Approx.) . . 62 83 90 113 131 watts' 
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CCS 


I CAS 




480 nia.r 


600 mai 


volts 


250 max 


250 max 


volta 


-150 max 


-150 mci 


volts 


117 max 


125 max 


ma 


8.6 max 


4.0 max 


ma 


46 moa: 


67.6 max 


watts 


2 max 


2 max 


watts 


13.8 max 


16.7 max 


watts 


135 max 


186 max 


volts 


135 max 


185 max 


rolts 


220 max 


220 max 





400 


475 


600 


150 


186 


150 


83000 


51000 


66000 


-87 


-77 


-87 


27000 


27000 


27000 


107 


95 


107 


112 


94 


112 


7.8 


G.4 


7.8 


3.4 


2.8 


3.4 


0.4 


0,3 


0.4 


82 


84 


62 



Maximum Circuit Values (CCS or ICAS conditions): 

Grid-No. 1-Circuit Resistance SOOOOJ max ohms 

■ AvcrjLgcd ovor any audio-frequency cycle of sine-wave form. 

* Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider. 
t ^OT operation at less than maximum ratings, this value may be as high as 100000 ohms. 

PLATE-MODULATED RF POWER AMPUHER— Class C Telephony 
Maximum Ratings: 

DC Plate Voltage 

DC GiUD-No.2 Voltage 

DC Gbid-No.1 Voltaob 

DC Plate Cubrbnt 

DC GBID-NO.1 CUBKBICT 

Plate Input 

OiniHNo.2 Input 

Wlate Dissipation 

Peak Hgatbr-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Bulb Tehpbraturs (At hottest point) 

Typical Operation: 

DC Plate Voltage 

DC Grid-No.2 Voltage* 

From series resistor of 

DC Grid-No. I Voltage 6 

From grid-No.l resistor of 27000 

Peak RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current (ApprtHC.) 

Driving Power (Approx.) 

Power Output (Approx.) 

Maximum Circuit Values (CCS or ICAS conditions): 

Grid-No. l-Circuit Resistance SOOOOJ 

• Obtained preferably from a sepai ate source modulated along with the plate sup{riy, or from the modu- 
lated plate supply through a series resistor of value shown. 

^Obtained from grid-No.l resistor of value shown or from a combination of grid-No.l resistor with 
either fixed supply or cathode resistor. 

t For operation at less than maximum rated conditions, this value may be as high as 100000 ohms. 

RF POV/ER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum Ratings: 

DC Plate Voltage 

DC GitiD-No.2 Voltage 

DC Grid-No.1 Voltage 

DC Plate Current , . , , 

DC GkID-No.1 CuiiRBNT 

Plate Input 

Gbid-No.2 Input 

Flats Dissipation 

Pbak Heatek-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Bulb Temperature (At hottest point) 

Typical Operation as Amplifier up to 60 Mc: 

DC Plato Voltage 

DC Grid-No.2 Voltage' , 

From series resistor of 86000 51O00 

DC Grid-No.l Voltage 

From grid-No.l resistor of 270O0 

From cathode resistor of 

Peak RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Curr^it (Approz.) 



volts 
volts 
ohms 

VOltB 

ohms 
vtAta 
ma 
ma 
ma 
watt 
watts 



ohms 



CCS 


ICAS 




600 max 


750 max 


volts 


250 max 


260 max 


volts 


-150 max 


-150 max 


volts 


140 max 


150 max 


ma 


3.5 max 


4.0 max 


ma 


67 . 6 max 


90 max 


watts 


3 max 


3 max 


watts 


20 max 


25 mtue 


watts 


136 viax 


135 max 


volts 


135 max 


IS.') max 


volts 


220 max 


220 max 


•^c 



500 


GOO 


600 


750 


volta 


170 


150 


180 


160 


volts 


36000 


51O00 


43000 


56000 


ohms 


-66 


-58 


-71 


-G2 


volts 


270O0 


20000 


24000 


20000 


ohms 


470 


470 


430 


470 


ohms 


84 


73 


91 


79 


volta 


135 


112 


150 


120 


ma 


9 


9 


10 


11 


ma 


2.S 


2.8 


2.8 


8.1 


ma 


0.2 


0.2 


0.8 


0.2 


watt 


48 


52 


66 


70 


watts 
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Typical Operation as Amplifier at 175 Met 



From s'>ri(-3 resistor of 

DC Grid-No.l Voltage^! 

From Kfid-No.l resistor of 

From rathode resistor of 

IVak HF Grid-No.l Voltage 

DC I'iaLo Curront 

DC Grid-No.2 Currenl 

DC Grid-No.l Current (Approx.) . 

Driving Power (Approx.) 

Power Output {Approx.) 

Maximum Circuit Values (CCS or ICAS conditions): 

Grid-No. 1-Circuit Resistance 30000{ max 

*■ (nn:i\m-d preferably from separate source, from plate-voltage supply with a voltage divider, or 
throui^li series rector of value shown. Grid-No.2 voltage must not exc^ 400 volts under key-up con- 
ditions. 

° Oblained from fixed supply, by grid-No.l resistor, by cathodu rosiator, or by romliinatioii methods. 
t For operation at less than maximum rated conditions, this vulut:.' may bo as high iia 100000 ohms. 



S20 


400 


volts 


180 


190 


volta 


. 13000 


20000 


ohms 


-51 


-5-1 


v'oita 


OTAAA 

. ^7000 


24000 


ohms 


. 330 


380 


ohms 


64 


68 


voits 


140 


150 


ma 


10 


10.4 


ma 


2 


2.2 


ma 


3 


3 


watts 


25 


35 


watts 



ohms 



AVERAGE CHARACTERISTICS 
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OPERATING CONSIDERATIONS 

Tjrpe 6146 requires Octal socket and may be operated in any position. Simpli- 
fied shielding and good performance are facilitated by the base sleeve with separate 
base-pin connection and the triple base-pin connection for (^thode, grid No.3, and 
internal shield. Outline 17, Oiitlines Section. 

For operation at 120 Mc, plate voltage should be reduced to 67 per cent of 
maximum rating; plate input to 79 per cent. At 175 Mc, plate voltage should be 
reduced to 53 per cent of maximum rating; plate input to 66 per cent. 

iPJale shows no color when tube is operated at maximum CCS or lOAS rafanga. 



AVERAGE CHARACTERISTICS 



TYPE 6146 
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6155/ 
4-125A 



BEAM POWER TUBE 



Forced-air-cooled, thoriated- 
tungsten filament type used as af 
power amplifier and modulator, and 
as rf power amplifier and osciHator. 
May be used with full input to 120 
Mc, and with reduced input up to 250 Mc. Class C Telegraphy maximum CCS 
plate dissipation, 125 watts. Requires Giant five-contact socket and may be oper- 
ated in vertical position only, base up or down. Outline 30, Outlines Section. 




FlUMBNT VOLTAQB (AC/DC) 

FILAMBNT CUERBNT 

Mu-Factor Grid No.2 To Grio No.l*. 

DiRRCT Interelectrode Capacitances: 

Grill N'o.l to plate 

Grid No.l to filament and grid No.2 , 

Plate to filament and grid No.2 : . 

Seal Tbmpehatuhb: 

Pla,te 

Grid No.2, grid No.l and filament 

* mate voltfl, SOOOi grid-No.2 volts, 400; plate mUliamperes, 50. 

AF'POWER AMPUHER AND MODUUTOR 

Maximum CCS RaNngst 

DC PcATB Voltage 

DC Grid-Mo.2 Voltage 

DC Gr[I>No.1 Voltage 

XTaximum-Sign'al DC Plate Cijiikent° 

Maximum-Signal Plate 1xput° 

Maximum-Signal Grid-No.2 Input" 

Platb Dissipation° 



5.0 
6.5 
6.2 

0 . 07 max 
11 



220 max 
180 max 



volts 
amperes 



CUws ABx 


Class ABt 




8000 max 


3000 max 


volts 


600 max 


400 viax 


volts 


-500 max 


-500 max 


volts 


225 max 


225 vtax 


ma 


■ioQ j/iaj; 


500 max 


watts 


20 max 


20 max 


watts 


126 max 


126 max 


watts 



RF POWER AMPLIFIER—Class B Tdephony 



Maximum CCS Ratings: 

DC Pv.ATB Voltage 

DC Giiri>-No.2 VoLTAOB. 

DC Platk CuitllBNT 

Plate Input 

Grid-No.2 Input 

Plate Dissipation 



3000 max 
400 max 
IS'i max 
200 max 
14 max 
125 max 



PLATE-MODULATED RF POWER AMPUFIER— Class C Telephony 
Maximum CCS Ratings: 

DC Platr Voltage 2500 max 

DC Gbid-No.2 Voltage 400 max 

DC Gmo-No-l Voltage -500 max 

DC Plate Current 200 max 

DC Gbid-No.1 Current 15 max 

Plate Input 415 mox 

Grid-No.2 Input 20 max 

Puts Dissipation 83 mm; 

RF POWER AMPUFIER AND OSOLLATOR— Class C Telttgraphy 

and 

RF POWER AMPUnER^CIosi C FM Telaphony 

Maximum CCS Rotings: 

DC Plate Voltage '. 3000 max 

DC GiiiD-Nu.2 Voltage 400 max 

[)C Gbid-No.1 VoltaGB -500 max 

DC Plate (Current 225 max 

DC Grid-No.1 Current 15 max 

Plate Input 625 max 

Grid-No.2 Input 20 max 

Plate Dissipation 125 moat 

* Awf i WB I tt 09m wy audio4i!equ^^ of sine-wave form. 



volta 
vuita 
ma 
watts 

watts 



volts 
volts 
volts 
ma 
nia 
watts 
watts 
watts 



volts 
volts 
volts 
ma 
mu 
watts 
watts 
watts' 
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Technical Data 




6156/ 
4-250A 



5.0 


.volts 


X4.1 


amperes 


S.l 




0 , 14 max 




13 




4.6 




220 max 


"C 


180 max 


"0 



BEAM POWER TUBE 

Forced-air-cooled thoriated- 
tungsten-filament type used as af 
power amplifier and modulator, and 
as rf power amplifier and oscillator. 
May be used with full input up to 75 
Mc and with reduced input up to 120 Mc. Class C Telegraphy maximum CCS 
plate dissipation, 250 watts. Kequires Giant five-contact socket and may be oper- 
ated in vertical position only, base up or down. Outline 35, OuUines Section. 

Filament Voltaod (ac/dc) 

Filament Current 

Mu-Factob, Grid No.2 To Grid No.l* 

Direct Interelectrode Capacitance3: 

Grid No.l to plate 

Grid No.l to filament and grid No.2 

Plate to fiUment and grid No.2 

Seal Temi-ehature: 

Plate 

Grid No.2, grid No.l, and filament 

* Plata volts, 8000; grid No.2 volts, 600; plate miUiamperes, 100. 

AF POWER AMPLIFIER AND MODUUTOR 

Moximum CCS Ratings: Class ABi Ciasa ABa 

DC Platb Voltage 4000 max 4000 max volts 

DO Gbid-No.2 Voltage 600 max 600 max volts 

DC Gbio-No.1 Voltage -500 max -600 maz volts 

Maximum-Signal DC Plate Current" 850 max S50 max ma 

Maximum-Signal Plate Input" 760 max 1000 max watts 

Maximum-Signal Grii>-No.2 Input** 86 max 36 max watts 

Plats DiasiPATiON** 260 max 250 moa; watts 

RF POWER AMPUFIER— Class B Telephony 

Moximum CCS Ratings: 

DC Plate Voltage 4000 max volts 

DC Grid-No.2 Voltage , 600 max volts 

DC Plate CuRBBNT 210 max ma 

Plate Input 400 max watts 

Grid-No.2 ISi'UT 23 max watts 

Plate Dissu-ation 250 max watts 

PUTE-MODULATED RF POWER AMPUFIER— Class C Telephony 
Maximum CCS Ratings: 

DC Plate Voltage 8200 max volts 

DC Grid-No.2 Voltaos 600 max volts 

DC Gbid-No.1 Voltage -500 max volts 

DC Plate Current 275 max ma 

DC Grid-No.1 CubeBNT 20 max ma 

Plate Input ". 825 max watts 

Ob«»-Nd.2 Input 35 max watts 

^atrfc fit^^'^H 165 max watts 

RF POWER AMPUFIER AND OSaiLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Moximum CCS Ratings: 

DC Plate Voltage 4000 max volts 

DC Grid-No.2 Voltage. 600 max volts 

DC GBn>-No.l Voltage -500 mox volts 

DC Plate Current 850 max ma 

DC Gbid-NcI Current , 20 max nia 

Plate Input 1260 max watts 

6RID-N0.2 Input 85 tnoa; watts 

VhATS Dissipation 260 max watts 

* Averaged over any audlo-bequency cycle of sine-wave form. 
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6159 



BEAM POWER TUBE 

Small, sturdy, glass-octal heater- 
cathode type used as af power ampli- 
fier and modulator and as rf power 
amplifier and oscillator. May be used 
with full input up to 60 Mc and with 
reduced input up to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 
20 watts, ICAS 25 watts. OUTLINE 17, Outlines Section. Heater volts, 26.5; am- 
peres, 0.3. Except for heater rating, this type is identical with type 6146. 




POWER TRIODE 

Compact forced-air-cooled heater- 
6161 cathode type having integral radiator 

used as rf power amplifier and oscilla- 
tor and as frequency multiplier. Coax- 
ial terminal arrangement facilitates 
use in cathode-drive circuits of the coaxial-cylinder type. May be used with full 
input up to 900 Mc and with reduced input up to 2000 Mc. Class C Telegraphy 
maximum CCS plate dissipation, 260 watts. 




Heater \'oltaoe (ac/dc):* 

Average 6.3 O volts 

Maxirnurn 0.9 voits 

Heater Current (At 6,3 volts) 3,4 amperes 

Amplification Factor-*^ 25 

Direct Intbrelectrodb Capacitances: 

Gridtoplate 6 

Grid, to cathode and heater 11 

Plate to cathode and heater° 0 . 212 ttfil 

" Because the cathode is subjected to considerable back bombardment as the frcquenc^y a increased 
with resultant increase in temperature, the heater voltage should be reduced depending on operatane 
conditions and frequency to prevent overheatiiig the cathode and residtant short life. 
0 Average heater voltage must be applied for a Tnfa^mnpi paiod of (me minute before the appUcatitm 

of plate voltage. 

* Grid volts, -15; plate mlUiamperes, 250. 

^With external flat shield having minimum diameter of 7H inches located in plane of gnd twmlnal 
and perpendicular to axis of tube. Shield is connected to grid terminal. ~ - ' 



PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 

Maximum CCS Rotings: 

DC i'LATE Voltage , 1300 maa: volts 

DC Gkid Voltage -SOD max volts 

DC I'l^TE Current , 210 max ma 

DC Grid Current . See Rating (,'hart 

Plate Input , , 210 max watts 

Plate Dissipation ^ t , i , max watts 

Typical Operation in Cathode-Drive CIrcuItt €00 Mc 900 Mc 

DC Plate-to-Grid Voltage 1400 1400 volts 

DC Cathode-to-Grid Voltage ' 150 150 volts 

Peak KF Cathode-to-Grid Voltage 200 200 volts 

DC Plate Current 210 210 ma 

DC Grid Current (Approx.) , , 70 70 ma 

Drivw Power Output (Appjox.) ■ . 70* 75* watts 

Output Circuit Efficiency (Approx.) .80 60 per cent 

Useful Power Output (Approx.) .180 120 . watts 

■ In this type of service, the 6161 can be modulated 100 per cent if the rf driver stage is also modulated 
100 per cent simultaneously. Care should be taken to insure Uiat the driver-modulatioa and ampUfiw- 

modulatioQ voltages are exactly in phase. 

* This value Includes 18 watts of drcuit lorn and 40 watts added to idate Input, 
t This value includes 28 watts of circuit loss and 40 watts added to plate input. 
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RF POWER AMPURER AND OSCILUTOR— Cioss C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings; 

DC Plate Volt ace 1600 max volts 

DC Gitii) Voltage -SOO max volts 

DC I'LATE CniiHENT ; 260 max ma 

DC (IKID CuKHiCNT See Rating Ch^rt 

Pi^TK Input 400 max watts 

Plate Dissipation - 250 max watts 

Typical Operation in Cothode-Drive Circuit: 600 Me 900 Me 

DC Plate-to-Grid Voltage 1650 1650 volts 

DC Cathode-to-Grid Voltage 150 150 volts 

From grid resistor of 8000 15000 ohms 

Peak RF Catfaode-torGrid Voltage 200 200 volts 

DC Plate Current 250 260 ma 

DC Grid Current (Approx.) 50 10 nm 

Driver Power Output (Approx.) 75° 80* watts 

Output Circuit Efficiency (Approx.J -. . . S2 60 per Cent 

Useful Power Output (Approx.) 270 180 watts 

° Tliis \-alue includes 18 watts of circuit loss and 45 watts added to plate input. 
* This value includes 23 watts of circuit loss and 4o watts added to plate input. 

FREQUENCY MULTIPLIER— Class C 

Maximum CCS RaKngst 

DC Plate Voltage 1600 max volts 

DC Gkid Voltage -300 mo* volts 

DC Plate CuitKENT 250 maa; ma 

DC Grid Current See Rating Chart 

Plate Input 400 max watts 

PZATBI DiSeiFATION 250 fflOX Wfttts 

Typical Operation os Doubler in Cathode-Drive Circuitt 800 Mc 900 Mc 

DC Plate-to-Grid Voltage 1760 1675 volts 

DC Cathode-to-Grid Voltage 260 175 volts 

From cathode resistor of 860 645 ohms 

Peak BF Cathode-to-Grid Voltage 800 SOO volts 

DC Plate Current 260 250 ma 

DC Grid Current (Approx.) 50 21 ma 

Driver Power Output (Approx.) 0 125 100 watts 

Output Circxiit Efficiency (Ap{»;ox.) 90 ,80 per cent 

Useful Power Output (Apprrac) 180 ■ 140 watts 

0 Approximate total driving power required. A portion of this power appears in the plate cineuit. 



AVERAGE CHARACTER ISTrCS 




eoe .. iM» ~ ~ 2000 

PLATC-TOrCRIO VOLTS 



«aeL-777ITl 
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RATING CHART 
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OPERATING FREQUENCY- Mc 

92CM-B3ZIT 

OPERA^TING CONSIDERATIONS 

Type 6161 may be operated in any position. Outline 89, Outlines Section. 

For operation at 1200 Mc, plate voltage and plate input should be reduced to 
80 per cent of maximum ratings; at 1400 Mc, to 71 per cent; at 1650 Mc, to 62.5 
per cent; at 2000 Mc, to 62.5 per cent. 

A minimum air flow of 16 cubic feet per minute should be directed by a blower 
through the radiator toward the bulb and the grid terminal when the 6161 is oper- 
ated at maximum rated dissipation. Air flow should start before and continue dur- 
ing the application of any voltages to the 6161. Maximum temperatures; radiator 
(measured on core at end adjacent to plate ring), 180°C; grid terminal, 150°C; 
cathode terminal, ISO^C; plate, grid, and cathode seals, 150°C. 

The 6161 supersedes the 5588 for new equipment design. 

UHF DIODE 

_ _ _ _ Small, sturdy, pencil type used in 

O I / O pulse-detection and pulse-power-meas- 

uring service at frequencies up to 3300 
Mc. Type 6173 may be operated in any 
position. Outline 69, Owiiines Section. 




Heateb Voltage (ac/dc) 

Heater Current 

Resonant Frequency (Approx.) 

Direct In'terei.ectrodb Capacitahcb (Approx.): 

Plate to cathode 

ThbuinAL Temperature (Plate and cathode) .... 



6.3 
0.13S 
1600 



volts 
ampere 
Mc 



1.1 

175 HMKC 



PULSE-DETECTION and PULSE-POWER-MEASURING SERVlCEf 



Maximum Ratings: 

Peak Inverse Plate Voltage 

Peak Pulse Pl.\te Voltage 

Peak Pulse Plate Current 

DC Plate Current 

Peak Heater-Catbode Voltage: 

Heater negstiire with respect to cathode . 

Heater pfwitive with, reflect to cathode . 



For ol*i*»(ies up to 10,000 feet 



1000 max 
150 moj: 
1 max 
1 max 

90 max 
90 fflox 



volts 
volts 
ampere 
ma- 



For altiliides up to 100,000 feet 



HALF-WAVE RECTIFIER 

Maximum Rolings: 

Peak Inverse Plate Voltage 

Peak Plate Current 

Hot-Switching Transient Plate Current.-" 

For duration of 0.2 secon^ maximum 

DC 0UTPUT Current 

Peak Heater-Cathode Vc»«taob: 

Heater nejtative with reapect to cathode 

Heater positive with reapect to cathode 

t In this class of service, the heater should be allowed to warm up for a minimum of 60 seconds before 
plate voltage is applied in order to allow the cathode to reach normal operating temperature and to be 
able to supply the high peak plate currents encountered in this class of service. 

*■ A minimum plate-load impedance (including the source impedance) of 300 ohms is required to limit 
the hot-switching tranaient plate current and thereby prevent damage to the tube v^ien the plate vo^ 

tage is applied. 



375 max 
50 max 

250 max 
5 . 5 max 

90 max 

90 max 



vrfts 
ma 

ma 
ma 

volts 

volts 
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OPERATING CONSIDERATIONS 

_ Connections to the cathode tenninal and the plate terminal should be made by 
flexible spring contacts only. The connectors must make firm, large-surface contact, 
yet must be sufficiently flexible so that no part of the tube is subjected to strain. 
Unless this recommendation is observed, the glass-to-metal seals may be damaged. 

The heater leads should not be soldered to the circuit elements. The heat of the 
soldering operation may crack the glass seals of the heater leads and damage the tube. 

The Pulse Rating Chart represents graphically the relationships between pulse 
duration, pulse-repetition rate, and peak-pulse plate current. This chart provides 
a wide choice of operating parameters within the tube's ratings. Dotted boundary 
line ABC is the locus of the maximum peak-pulse-plate-current values for various 
pulse durations. When two of the three parameters shown are known, the maximum 
allowable value of the third parameter can be selected from the chart. For example, 
if an application requires a l-microsecond pulse and a pulse-repetition rate of 1000 
pulses per second, the maximum allowable peak-pulse plate current is 1 ampere. 
Since the pulse-repetition rate of 1000 is a maximum value for a pulse duration of 1 
microsecond, it follows that any pulse-repetition rate up to 1000 may be used under 
these conditions. If a longer pulse duration is required, e.g., 1.5 microseconds, and 
the same pulse-repetition rate of 1000 is required, the maximum allowable peak- 
pulse plate current is 0.67 ampere. 

In applications where groups of pulses are employed, the total pulse duration 
of the individual pulses in any one group may be determined and treated as the 
pulse duration of the group aSs a single^ride pulse. 



PULSE RATING CHART 
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AVERAGE PLATE CHARACTERISTIC 
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p 



BEAM POWER TUBE 

Ceramic-metal, forced-air cooled, 
heater-cathode type used as an rf power 
amplifier and oscillator. May be used 
with full input up to 200 Mc. Class C 




Telegraphy maximum plate disaipa- 

pation, CCS 2000 watts; must be operated in vertical position, either end up. Out- 
line 92, Outlines Section. Air flow must be adequate to limit the radiator-core and 
the terminal temperatures to their specified maximum values. Heater power, plate 
power, and air flow may be removed simultaneously. 



Heater VoltageJ (ac/dc) 120 max volts 

Heateh Current (At 120 volts) 1-G amperi;s 

Minimum Heating Time (At 117 volts) 5 minutes 

Mu-Factor, Grid No. 2 to Grid No.l° 7 

DiHBCT Interelecthodb Capacitancbs: 

Grid No.l to pliite" 0.40 max nni 

Grid N'o.l to cathode and heater 46 

Plate to cathode and heater" " 0.10 max nfil 

Grid No.l to grid No.2 50 ^^^1 

Grid No.2 to plate 22 p^uf 

Grid No.2 to cathode and heater' 4,4 i//n;c ^i^if 

Rauiator Temi^eraturb (Measured on core at end adjacent to plate- 
terminal flange) 180 max °C 

Sbal and Terminal Tbmpebaturb: 

Catiiode, heater, grid No.l, grid No.2, and plate 180 max "C 



X Because the cathode is subjected to considerable back bombardment as the fre(|uency is increased, 
with resultant increase in temperature, the heater voltage should be reduced depending on operating 
conditions and frequency to prevent overhf;ating the cathode and resultant short life. 
*■ With external flat metal shield having a diameter of 8 inches and center hole approximately 3-7/lG 
inches in diameter. Shield is located in plane of the grid-No. 2 terminal, perpendicular to the tube axis, 
and is connected to grid-No. 2 terminal. 

■ Same as preceding, except that center hole has diameter of approximately 3 inches, and shield is con- 
nected to grid-No. 1 terminal. 

° For plate volts, 1000; grid-No.2 volts, 400; plate amperes, 1. 



PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 
Maximum CCS Ratings: 

DC Plate Voltage l'>00 mux volts 

DC GBrD-No.2 Voltage 400 max volts 

DC Grid-No.1 Voltage -300 max volts 

DC pLATB CUBRBMT 1 . 05 max amperes 

DC Grid-No.I Current 0.2 max ampere 

Plate Input IfioO max watts 

Grid-No.2 Input ; 25 max watts 

Plate Dissipation 1300 max watts 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings: 

DC Pf.ATE Voltagw , . 2000 max volts 

DC Crituj-No. 2 Voltage 500 max volts 

DC GitiD-No.l Voltage -300 max volts 

DC Plate Current 1.25 rmtx amperes 

DC GRin-No.l Current 0.2 max ampere 

Platp; Tne'ut , '. 2500 max watts 

GR[D-No.2 Ini'UT 40 max watts 

Plate Dissipation 2000 max watts 



MEDIUM-MU TRIODE 

AO Pencil-type tubes having integral 

radiator; used as rf power amplifier 
6263 A oscillator in mobile equipment and 

in aircraft transmitters at altitudes up 
to 60*000 feet without pressurized 
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chambers. The 6263A is used in applications requiring dependable performance 
under severe environmental conditions. The 6263A is unilaterally interchangeable 
with the 6263. Tubes may be used with full input up to 500 Me and with reduced 
input up to 1700 Mc. Class C Telegraphy maximum plate dissipation, CCS 8 
watts, ICAS 13 watts. 



HKATSat VOLTAGB (AC/DC) : 












6.0 


volts 






6.3 max 


volts 






0.280 


ampere 






7000 


/imhos 






87 


Direct lNTEREXECTRC»»ts Capacitances (Without external shield) : 








1.7 


nnt 






2.8 








0 . 08 max 


HiJ.f 






40 max 


°C 




175 max 




* Plate rotts, 200; plate miUiamperes, 27. 








RF POWER AMPLIFIER AND OSCIUATOR— Class C Telegraphy 






For altitudes up to 60,000 feet 


Maximum Ratings: 


CCS 


ICAS 








Ann , 1 , 1. II. 

400 max 


volts 






-100 max 


vxrfta 






55 Tnax 


ma 






25 max 


ins 






70 max 


ma 






22 max 


watt3 






13 max 


watts 


Peak HjsATEii-CATnoDJi; Voi.tagh: 












50 max 


volts 






50 max 


volt» 


° CCS plate input 6263, 13 max watts. 








Typical Operation as Oscillator in Cathode- Drive Circuit: - 








:',nii Mc 1700 Mc 


500 Me 






CCS CCS 


ICAS 




DC.Plat»*to-Grid Voltage 


880 270 


88S 


volts 


DC Cathode-to-Grid Voltage" 


30 20 


35 


volts 




35 40 


40 


msL 




11 9 


14 


ma 


Useful Power Output (Approx.)* 


5 0.9 


7 


watts 


Typical Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 


Met 






CCS 


ICAS 








408 


volts 






58 


volts 






40 


ma 






15 


ma 






3 


watts 




, 7* 


10» 


watts 


Maxitnum Circuit Values: 












0.1 mass 


megohm 


PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 






for aUitndez up to 60,000 j 


feet 


Maximum Ratingsi 


CCS 


ICAS 








830 max 


volts 






-100 max 


volts 






46 max 


ma 






26 max 


ma 






60 max 


ma 






15 nuix 


mtts 






9 max 


watts 



Pe.\k Heater-C.\thodb Voltage; 

Heater negative with respect to cathode 50 max 50 max volts 

Heater pofdtlve with respect to cathode 50 max 60 max volts 



193 



RCA Transmitting Tubes 



Typical Operotion in Cathode'Drive Circuit at 500 Mc 

CCS ICAS 

DC Plate-to-Grid Voltage , 817 872 volts 

DC Cathode-to-Grid Voltage" 42 52 volts 

DC Plate Current '85 85 ma 

DC Grid Current (Approx.) 18 12 ma 

Driver Power Output (Approx.) 2 2.4 watts 

Useful Power Output (Approx.) 6 . 7* 8* watts 

Maximum Circuit Values: 

Grid-Circuit Resistance. . 0.1 max 0.1 max mejEohm 

* From a grid resistor, or from a suitable combinatioii of grid resistor a&d fixed supply or grid resistor 

and cathode resistor. 

* This v^ue of useful power is measured at load of output circuit having an efficiency of about 75 per 
cent. 

OPERATING CONSIDERATIONS 

Types 6263 and 626oA may be operated in any position. OUTLINE 72, Outlines 
Section. Cooling must be sufficient to limit the plate-terminal temperature to 175°C. 
In most applications, natural air-cooling will be adequate. When natural air circu- 
lation is not adequate, a ^all blower should be used to direct sii^cient air through 

the radiator fins. 

To avoid possible tube damage, do not solder heater leads directly to circuit 
elements. The cathode should preferably be connected to one side of the heater. 
When the heater is not connected directly to the cathode, take care to keep the peak 
heater-cathode voltage within the maximum ratings. 

AVERAGE CHARACTERiSTICS 



K ZOO 



„ 150 



S 100 




400 
3SCM-ei03T 



6264 

6264A 



MEDIUM-MU TRJODE 




Pencil-type tubes having integral 
radiator; used as rf power amplifier 
and oscillator and as frequency multi- 
plier in mobile equipment and in air- 
craft transmitters at altitudes up to 
60,000 feet without pressurized chambers and under severe vibration conditions. 
May be used with full input up to 500 Mc and with reduced input up to 1700 Mc. 
Class C Telegraphy maximum plate dissipation, CCS 8 watts, ICAS 13 watts. The 
6264A may beoperatedinanyposition. Outline 72, OwfUnes Section. For otherconsid- 
erations refer to types 6263 and 6263A. The 6264 is a DISCONTINUED type 
listed for reference only. As a replacement, the €264A is directly interchangeablej 
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Technical Data 



Heater Voi.TAfiE (ac/dc): 

Under transmitting conditions 6 volts 

Under standby conditions B.Smax volts 

Heater Curren-t (At 6 volta) 0.28 Empwe 

Amplification Factor 40 

Tbansconductamce^ 6800 ftmbos 

Without With 

External External 

Dirp:ct Interei.ectrode Capacitances: Shield ShieldX 

Grid to plate 1.75 1.5 Hf^i 

Grid to cathode 2.95 - 

Plate to cathode 0. 07 max - 

IncOMiN'G-Ant Tk.mperature 40 inax "C 

Plate-Terminal Temperature 175 viax *C 

t A flat plate shield, 1-1/4 inches in diameter, located parallel to the plane of the grid flange and mid- 
way between the grid flange and the radiator plate terminaL The shield is tied to the cathode. 
* For dc plate ma., 18.&; dc i^te volts, 200. 

RF POWER AMPUFIER AND OSCB.UTOR— Class C Telegraphy 

For aUittides up to 60,000 feel 

Maximum Ratings; CCS ICAS 

DC Plate Voltaoe 330 max 400 imx volts 

DC Grid Voltage -100 max -100 moa: volta 

DC Plate Current 40 max 55 moa; ma 

DC Gr[d Curbbnt 25 max 25 max ma 

DC Cathode CmtRHNT 55 moa: 70 max ma 

PlateImput 13.2 moa: 22 max watts 

Pr,ATE Dissipation 8 moa; IS max watts 

Peak Heater-Cathode Voltage: 

Heaternegative with respect to cathode 60 max SO max volts 

Heater positive with respect to cathode 60 max 60 max volts 

Typical Operation as Oscillator in Cattiode< Drive Circuit: 

AtSOOMc At 1700 m 

CCS ICAS CCS 

DC Plate-to-Grid Voltage 825 380 263 volts 

DC Cathodc-to-Grid Voltage^ 25 30 13 volts 

DC Plate Current 85 35 40 ma 

DC Grid Current (Approve.) U 18 18 ma 

Useful Power Output (Approx.) ■ 6 6 1 watts- 
Typical Operation as RF Power Amplifier in Cathode-Drive Circuit at 500 Mc: 

CCS ICAS 

DC Plate-to-Grid Voltage 342 395 volts 

DC Cathode-to-Grid Voltage* 42 45 volts 

DC Plate Current 86 40 ma 

DC Grid Current (Approx.) 18 15 ma 

Driver Power Output (Approx.) 2.4 3 watts 

Useful Power Output (Approx.) " 7,5 10 watts 

Maximum Circuit Values: 

Orid-Clrctdt Resistance 0.1 max 0 . 1 max megohm 

FREQUB^CY MULTIPLIER 

For alliiudeB up to 60,000 feet 

Ma)^imum Ratings; CCS ICAS 

DC Plate Voltage 800 moi 350 jtuw volts 

DC Obid VOLTAOB -125 max -140 max volts 

DC Plats Current 88 max 46 max ma 

DC Grid Current 25 max 25 max ma 

DC Cathode Current ' 46 max 55 max ma 

PlatbInput ; 9.9max 15.9 max watts 

Plate Dissipation 6 max 9.6 max watts 

Peak Hbatbr-Catrodb Voltage: 

Heater negative with respect to cathode 60 max 60 max volts 

Ewter positive -yAth respect to cathode -. 60 max 60 max volts 

Ty^l^©pB^SKdin ot Tripler to 510 Mc In Cathodtt-Drivs Circuit: 

CCS ICAS 

DC Plate-to-Grid Voltage 410 472 volts 

DC Cathode-to-Grid Voltage" 110 122 volts 

DC Plate Current 26 36 . 5 ma 

DC Grid Current (Approx.) 4.1 5.8 ma 

Driver Power Output (Approx.) 2.75 4.5 watts 

Useful Power Output (Approx,)"... 2.1 8.4 watts 
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Maximum Circuit Valuest 

Grid-Circuit Resistance 0.1 max 0 . X max meKohm 

" From-a grid resistor, or from a suitable combination of grid resistor and fixed supply or ziiA resistor 
and cathode resistor. 

"This value of useful power is measured at load of output circuit having aaeffidency of about 7S percent. 



AVERAGE CHARACTERISTICS 




200 
PLATE VOLTS 



6293 



BEAM POWER TUBE 

Heater-cathode type used as rec- 
tangular-wave pulse modulator. Rated 
for service with duty factors up to 0.1 
at a maximum averaging time of 10,000 
microseconds. Rectangular-Wave 
Modulator maximum plate dissipation, 10 watts. Requires Octal socket and may be 
operated in any position. Outline IT, Outlines Section. Plate shows no color when 
tube is operated at maximum CCS ratings. 




Heater Voltage (ac/dc) 

Heatbk Cubqent 

Transoonductancb* 

Mi^-FACroR, Grid No.2 to Grid No.l*. 



DlJlKCT iNTBREI.ECTItODB CAPACITANCES: 

Grid No.l to plate 

Grid No.l to cathode, grid No.3, grid No.2, internal shield, base sleeve, 

and heater 

Plate to cathode, grid No.S, grid No.2, internal shield, base deeve, and 

l^ter. 

* Hate and.Krid-No.2 ytits, 200; plate mOUamperefl, 100. 



fi.3 
1.25 
7000 

4.6 



0.24 jnax 
13 
8.5 



MODUtATOR— Rectongular-Wove Modulation 

Moxiniuin qnd Minimum CCS Ratings: 

For Duty Factor' up to 0.003 

and Maximum Averaging Time of 10/tOO MieroBeconds in Any Intereal 

DC Pi.ATE-Sui>PLY Voltage* ^ 

Instantaneous Plate Voltage* , 

DC Gbid-No.2 Supply Voltage* 

DC GiiiD-No.l Supply Voltage* 

G)iii)-No,l \'0LTArrE: 

Instantaneous Negative Value 

Peak Positive Value 



volts 
amperes 
/imhos 



2000 


max 


3500 


max 


volts 


2300 


max 


4000 


max 


volts 


500 


max 


200 


max 


volts 


-300 


max 


-300 


max 


volts 


250 


viin 


-130 


min 


volta 


400 


max 


400 


max 


volta 


100 


max 


100 


max 


v<dts 
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Peak Plate CuaiiENT 3'^ max 8* max amperes 

Peak GitiD-No.2 Curiibnt 0.75 max 0.7B max ampere 

Peak Gbid-N0.1 CuKiiENT 0.5 max 0.5 max ampere 

pLA^ra Input 80 max 80 max watts 

GRn>-No.2 Input 1.75 max 1.75 viax watts 

Grid-No.1 Input 0.5 max 0.5 max TOtt 

Plate Dissipation* 7 max 10 max watta 

Peak Heatbh-Cathode Voltage: 

Heater negative with rcspe<!t to cathode 135 max 135 max volts 

Heater poailivt! with respect to cathode 135 max 135 max volts 

Bulb TEMPEKATUiiE (At hottest point) 175 max 175 max °C 

■ Duty factor is defined as the ON time in microseconds divided by 10,000 microseconds. ON time 
for this tube is defmed as the sum of the durations of all the individual pulses which occur during any 
10,000-raicrosecond interval. Pulse duration is defined as the time interval between the two points on 
the pulse at which the instantaneous value is 70 per cent of the peak value. The peak valtu is defined 
as the maximum value of a smooth curve ^^irmiKh the average of the fluctuations over l^e tap piHrtioti 
of the pulse. 

* For tube protection, it is essential that sufficient resistance be used in the platensupply circuit, the 
Erid-No.-2 supply circuit, and the grid-No. 1-suppty circuit so that the short-circuit current is limited to 
0.5 ampere in each circuit. 

* This value is approximatdy 115 per cent of the maximum dc plate-supply vtdtage. 

^ For higher duty factors, the peak plate current must be reduced. The maximum rated current for a 
duty factor of 1.0 is 0.2 ampere. 

* Averaged over any interval not excppding 10,000 microseconds. Care should be used in determining 
the plate dissipation, A calculaLt^d value based on rectangular pulse ciin be considerably in error when 
the actual pulses have a finite rise and fall time. Plate dissipation should preferably be determined by 
measuring the bulb temperature under actual operating conditions; then, with the tube in the same 
socket and under the same ambient-temperature condi^ons, apply to the tube sufBcieot dc input to 
obtain the same bulb temperature. This value of dc input is a measure of the plate disnpation. 



6383 



POWER TRIODE 

Compact liquid-and-forced-air-cooled type 
having heater cathode; used as af power ampli- 
fier and modulator, as rf power amplifier and os- 
cillator, and as frequency multiplier at frequen- 
cies up to 2800 Mc, Coaxial terminal arrange- 
ment facilitates use in cathode-drive circuits of 
the coaxial-cylinder type. Maximum over-all 
length, 4-9/32 inches; maximum diameter, 1.7G0 
inches. Heater volts (ac/dc), 6.3; amperes, 3.4; 
amplification factor, 25. Direct interelectrode capacitances: grid to plate, C nni; grid to cathode and 
heater, 11 jn^; plate to cathode and heater (with external flat shield in plane of grid terminal), 0.19 /i/if. 
]Sfaximum CCS ratings as RF POWER AMPLIFIER AND OSCILLATOR: dc plate volts, ISOOsnox; 
dc grid volts, -300 max; dc plate ma., 400 max; dc grid ma. (up to 900 Mc), 75 max; plate input, 6P0 
max watts; plate dissipation, 600 max watts. The 6383 is a DISCONTINUED type listed for reference 
only. As a replacement, the 6161 is a similar type, although not directly inten^ngeable. 


















Ms, 



6417 



BEAM POWER TUBE 

Nine-pin miniature heater-cath- 
ode type used as rf power amplifier 
and oscillator and as frequency mul- 
tiplier. May be used with full input up 
to 50 Mc. Class C Telegraphy maxi- 
mum plate dissipation, CCS 12 watts, ICAS 13.5 watts. Requires Noval nine- 
contact socket and may be operated in any position. Outline 9, Oxdlines Section. 
Heater volts (ac/dc), 12.6; amperes, 0.375. Except for heater ratings, the 6417 is 
id^^tical with type 5763. 

K.Cs.tS 

TWIN BEAM POWER TUBE 




Small, sturdy, heater-cathode type 
used as af power amplifier and modu- 
lator, as push-pull rf power amplifier 
and oscillator, and as frequency tripler. 
May be used with full inimt up to 100 



6524 
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Mc and with reduced input up to 470 Mc. Class C Telegraphy maximum plate 
dissipation (per tube), CCS 20 watts, ICAS 25 watts. Requires Septar seven-contact 
socket and may be operated in any position. Outline 14, Outlines Section. Some 
forced-air cooling may be required to prevent exceeding the maximum bulb-tem- 
perature rating. Plates show no color when tube is operated at nifudmum CCS or 
ICAS ratings. 



Heater Voltage (ac/ix;) 6.3 

Heater Cubrbnt. 1.25 

Transcokductancb (Each unit)* 4500 

Mn-FACTOB, GridNo.2 to Grid No.l (Each unit)* 8 .5 

Direct iNXBRmjicnioDii Capacitances (Each unit): 

GiidNo.l to plate 0.11 mox 

Grid No.l to cathode, grid No.3, internal shield, grid No.2 (pins 1 and 7), 

and heater 7 

Plate to cathode, grid No.3, internal shield, grid No.2 (pins 1 and 7), and 

heater 3,4 

Bulb Tbmperatuhb (At hottest point) 210 max 

*Hate and grid-No.2 volts, 200; plate milliamperea, 60. 

PLATE-MODULATED PUSH-PULL RF POWER AMPUFIER— Class C Telephony 
ValuM an on a per-iube basis 

Maximum RaKngs: 

DC Plate Voltage , 

DC Grid-No.2 Voltaob 

DC Gr[d-\o.2 Supply Voltage. 

DC Grid-No.I Voltaob 

DC Plate Current. 

DC Grid-No.I Current 

Plate Input 

G8ID-N0.2 IXl'UT , 

Plate Dissipation 

Peak HteAXEB-CATHODB VOLTAGi:: 

Heater negative with respect l.o cathode 

Heater positive with respect to cathode 



Maximum Circuit Values (CCS or ICAS conditions): 
Grid-No.l-Circiut Resistance 



PUSH-PUU RF POWER AMPLIFIER AND OSCILUTOR— Class C Telegraphy 

and 

PUSH-PULL RF POWER AMPLIFIER— Oats C FM Telephony 

Vaiua are on a per-iuWhasis 

Moximum Ratings: 

DC Plate Voltage 

DC Grid-No.2 Voltage , 

DC GRri>-No.2 Supply Voltage 

DC Grid-No.I Voltage 

DC Platf. Current 

DC Grid-No.I Current 

Plate Input 

Grid-No.2 Input 

Plate Dissipation ■ 

Peak Heateb-Cathodb VoltaoB: 

Hsater negative with respect to cathode 

Heater' pontive with respect to catiiode. 

Maximum Circuit Vahiesi (CCS or ICAS conditions)i 

CMA^o4."Circuit Resistance 

FIXED-TUNED OSCILLATOR TRIODE 

UHF pencil-type tubes 
having integral resona- 
tors; used in radiosonde 
service at a frequency of 
1680 Mc. May be used at 
ambient temperatures 
ranging from -55°C to 
-f-75°C. Fixed-Tuned Os- 
cillator maximum plate 
^jM^ft^oUf 3.6 watts. The 



lasium 



Ulit 



CCS 


ICAS 




400 max 


500 max ' 


volta 


300 max 


800 max 


TOttS 


400 max 


400 max 


volte 


-200 max 


-200 max 


volts 


125 max 


126 max 


ma 


4 max 


4 max 


ma 


45 max 


55 max 


watts 


2 max 


2 max 


watta 


13 . 5 max 


16 . 7 max 


watts 


ISS max 


135 max 


volts 


185 max 


136 max 


T(dtS 




80000 max 


obnu 



CCS 


ICAS 




500 max 


600 mas 


volts 


300 max 


300 max 


volts 


400 max 


400 max 


volta 


-200 max 


-200 max 


volts 


150 max 


150 max 


ma 


4 max 


4 max 


ma 


70 max 


85 max 


watts 


S max 


8. max 


mttfl 


20 max 


25 max 


watt»,_ 


1S5 max 


135 max 


volts 


185 max 


136 max 


vo^ 




80000 max 


ohms 



, 6562 

6562/ 
5794A 



tD 




INTEGRAL 
LOOP 

COUPLING RESONATORS 
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6562 is a DISCONTINUED type listed for reference only. As a replactament, the 
6562/5797A is directly interchangeable. 



HSATER Voltage Range <> (ac/dc) 6.2to6.6 volts 

Heater Currbnt (At 6.0 volts) , '. 0.160 ampere 

FbbqubnCY (Approx.) 1680 Mc 

Fbbquency-Adjustmbht Bangb" ^12 Mc 

" Th^ range of heater voltage is for radiosonde appUcationa in which the heater is supplied from bat- 
teries and in which the equipment design requirements of minimum size, light wught, and high efficiency 
are the primary considerations even though the average life expectant^ of the 6662/6794A ia sttch serv- 
ice is only a few hours. 

■ As supplied, takm are adjusted to 1680 =>= 4 megacycles. 



FIXED-TUNED OSCILLATOR 

Maximum Ratings: 

DC Plate Voltage 120 max vokta 

DC Plate Current 82 max ma 

DC Gam Current; : . ; 8 max ma 

Plate Input A max watts 

Plate Dissipation 3.6 max watts 

Peak Heatbr-Cathodb Voltage 0 max volts 

Ambient-Tbslperature Range — 56 to -i-75 °C 

Operating Frequency Drift: 
Maximum Frequency Drift: 

For heateiTiVoltage range of 5.2 to 6.6 volta, plate-voltage range of 95 

to 117 vfdts, and ambient-temp^ture range of -t-22^ to -4(yc.. ... -|-4 to — 1 Mc 



OPERATING CONSIDERATIONS 

Type 6662/S794A may be operated in any position. Outldib 74, Outlines 
Section. 

The flexible heater leads of the 6562 / 5794A are usually soldered to the circuit 
dements. Soldering of these connections should not be made closer than H" from 
the end of the tube (excluding cathode tab). If this precaution is not followed, the 
heat of the soldering operation may crack the glass seals of the leads and damage 
the tube. Under no circimistances should any of the electrodes be soldered to the cir- 
cuit elements. Connections to the electrodes should be made by spring contact only. 

The 6562/ 5794 A should be supported by a suitable clamp around the metal 
shell either above or below the frequency-adjustment screw. It is essential, however, 
that the pressure exerted on the shell by the clamp be held to a minimum because 
excessive pressure can distort the resonators and result in a change of frequency. 

The plate connection should have a flexible lead which will accornxnoHate var- 
iations in the relative position of the plate terminal in individual tubes. 

The 6562 /5794A may be mechanically tuned by adjustment of the frequency- 
adjustment screw located on the metal shell of the tube. A clockwise rotation of the 
frequency-adjustment screw will decrease the frequency, while a counterclockwise 
rotation will increase the frequency. The range of adjustment provided by the 
screw is 12 m<^acycl^. 

BEAM POWER TUBE 

Small, sturdy, uhf, forced-air- AQIA 
cooled, heater-cathode, cermolox type; O O I O 

used as af power amplifier and modu- 
lator, and as rf power amplifier and 
oscillator in compact mobile and fixed 
equipment. Useful at frequencies up to 2000 Mc and beyond. Class C Telegraphy 
maximum plate dissipation, CCS 115 watts. 

Heater Voltage} (ac/dc) 6.8 volts 

Heater Current 2.1 amperei 
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Minimum Hbatino Time 60 

Mu-Factor, Grid No.2 to Grid No.l-A- 18 

Direct Interblectrode Capacitances:' 

Grid No. I to plate , , 0.065 max 

Grid No.l lo cathode and heater 14 

Plate to cathode 

Grid No.l to grid No.2 17 

Grid No.2 to plate 4.4 

Grid No.2 to cathode and heater 0.4 max 

Terminal Tempehature (Plate, Grid No.2, Grid No.l, Cathode, and Heater) 250 max 

t Because the cathode is subjected to considerable back bomfaardment as the frequency is 
with resultant increase in temperature, the heater voltage should bo reduced depending on 
conditions and frequency to prevent overheating the cathode and resultant short life. 
★ For plate and grid-No. 2 volts, 250; plate ma., 100. 
° Measured with special adapter. 



seconds 



tifit 

Mjif 
M;if 
tinl 

°c 

increased 
operating 



AF POWER AMPLIFIER AND MODUIATOR- 

Maximum CCS Ratings: 

DC Plati? Voltage 

DC Gkid-N<i.2 Voltage , 

Maxtm[jm-Sig.\-al DC Plate Cukrent' 

Maximum-Signal Plate Input" 

Maximum-Signal Grid-No.2 Input". 

Plate Dissipation" 



■Class AB| 



1000 max 
300 max 
180 max 
180 max 
4 . 5 max 
116 max 



Typical CCS Operation: 

DC Plate Voltage 

DC Grid-No.2 Voltage** 

DC Grid-No.l Voltage, From fixed-biaa source. 

Peak AF Grid-No. 1-to-Grid-No.l Voltage~ 

Zero-Signal DC Plate Current 

Maximum-Signal DC Plate Current 

Zero-Signa! DC Grid-No.2 Current 

Maximum-Signal DC Grid-No.2 Current 

T^ffective Load Resistance (Plate to plate) 

Maximum-Signal Driving Power (Approx.) . . . , 
M«ximum-Signal Power Output (Approx.) . . . . 



Values are for IS tube* 



660 
300 
-16 
80 
80 
200 
0 
20 
4330 
0 
50 



860 
300 

-15 

30 
80 
200 
0 
20 
7000 
0 
80 



volts 
volts 
ma 
watts 
watts 
watts 



volts 
volts 
volts 
votts 
ma 
ma 
ma 
ma 
ohms 
watts 
watts 



SOOOO max ohms 
Not recommended 



Maximum Circuit Values: 

Grid-No.l-Circuit Resistance under Any Condition:** 

Witti fixed bias 

With cathode bias 

^ The driver stage should be capable of supplying the No,l grids of the Class ABi stage with the sped- 
fied driving voltage at low distortion. 

• * The resistance introduced into the gHd-No.l circuit by the input coupling should be held to a low 
value. In no case should it exceed the specified maximum value. Transformer- or impedance-coupling 
devices are recommended. 

AF POWER AMPLIFIER AND MODULATOR— Class AB2 

Maximum CCS Ratings; _ 

DC Plate Voltage IWd max volts 

DC Grid-No.2 Voltage .■ .• . , 300 max volts 

Maximum-Signal DC Plate Current* 180 max ma ,J 

Maximum-Signal DC Grid-No.1 Current" 80 max ma ' 

Maximu-M-Signal Plats Input" 180 max watts 

Maximum-Signal Grid-NO-S Input" 4 , !5 7nax watts 

Plate Dissipation" 115 max watts 



Typical CCS Operation; 

DC Plate Voltage 

DC Grid-No.2 Voltage** 

DC Grid-No.l Voltage, From fixed-bias source. 
PeakAP Grid-No.l-to-Grid-No.l Voltage 

Zero-Signal DC Plate Current 

Maximum-Signal DC Plate Current 

Zero-Signal DC Grid-No.2 Current 

Maximum-Signal DC Grid-No.2 Current 

Maximum-Signal DC Grid-No.l Current 

Effective Load Resistance (Plate to plate) 

Maximum-Signal Driving Power (Approx.)* . . 
Ilb(l^pi|l&-Signal Power Output (Approx.) 



Values are fur 2 tubes 



660 


860 


300 


300 


-15 


-16 


46 


46 


80 


80 


355 


866 


0 


0 


26 


25 


16 


15 


2460 


3!>60 


0.8 


0.3 


85 


140 



volts 
volts 
volts 
volts 
ma 
ma 
ma 
ma 
ma 
ohms 
watt 
wa^ 
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PLATE-MODULATED RF POWER AMPLIFIER— CIcus C Telephony 

Maximum CCS Ratings: 

DC Plate Voi-tagb 800 max 

DC Grii>No.2 Voltage 300 max 

DC Grid-No.1 Voltagh -100 max 

DC Plate Current 150 max 

DC Grid-No.I Current 30 max 

Plate Input 120 max 

GRrD-No.2 Input 3 max 

Plate Dissipation 75 max 



volts 
volts 

TOltS 

ma 

ma 
watts 
watts 
watts 



Typical CCS Operation: 

DC Plate Voltage 

DC Grid-No.2 Voltage^ 

DC Grid-No.l Voltage' 

DC Plate Current i .. . 

DC Grid-No.2 Current 

DC Grid-No.l Current 

Driver Power Output (Approx.)* 

Useful Power Output (Approx.) 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance under any condition, 



At hOO Mc 



400 


700 


volta 


200 


250 


volts 


-20 


-50 


volta 


100 


130 


ma 


-5 


10 


ma 


5 


10 


TUB 




8 


watts 


16 


U 


watt» 




SOOOOrmaa: 


ohms 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 



1000 max 
800 max 

-100 max 
180 max 
30 max 
180 max 
4.S max 
116 max 



volts 

TOltfl 

volts 
ma 
ma 
watts 
watts 
watts 



A( 


.100 il/c 


At 1200 Mc 




400 


900 


900 


volts 


200 


300 


300 


volts 


-35 


-30 


-22 


volts 


150 


170 


170 


ma 


5 


1 


1 


ma 


3 


10 


4 


ma 


8 


8 


S 


watts 


28 


80 


40 


watta 



30000#maj; ohms 



Maximum CCS Ratings: 

DC Plate Voltage 

DC GRID-NO.2 yOLTAGB 

DC Grid-No.1 Voltage 

DC Plate Current 

DC Grid-No.1 Current 

Plate iNPtrr 

Grid-No.2 Input 

Plate Dissipation 

Typical CCS Operation: 

DC Plate Voltage : 

DC Grid-No.2 Voltage* 

DC Grid-No.l Voltagef , 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current 

Driver Power Output (Approx.)* 

Useful Power Output (Approx.) 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance under any condition 

■ Averaged over any audio-frequency cycle of aine-wave form. 

* Driver stage should be capable of supplying the specified driving power at low distortion to the No.l 
grids of the AEi stage. To minimize distortion, the effective resistance per grid-No.l circuit of the AB2 
stage should be held at a low value. For this purpose, the use of transformer coupling is recommended. 
° Obtained preferably from a separate source modulated along with the plate supply. 

* Obtained from grid-No.l resistor or from a combination of grid-No.l resistor with either fixed supply or 
cathode resistor. 

* The driver stage is required to supply tube losses and rf-circuit losses. It should be designed to provide 
an excess of power above the indicated values to take care of variations in line voltage, in components, 
ininitiat tube characteristics, and in tube characteristics during life. 

f If this value is insufficient to provide adequate bias, the additional required bias must be supplied by 

a cathode resistor or fixed supply. 

** Preferably obtained from a fixed supply. 

* Obtain^ preferably from a fixed supply, or from the plate-supply voltage with 4 voltage divider, 
t Obtfdned from fixed supply, by grid-No.l resistor, by cathode resistor, or by combination methoda. 

OPERATING CONSIDERATIONS 

Type 6816 may be operated in any position. Outline 78, Outlines Section. 
Adequate forced-air cooling must be provided to limit the terminal temperatures to 
their specified value. Typical cooling requirements are shown in the accompanying 
graph; reduced air flow requirements may be achieved by placing a suitable cowling 
around the radiator to direct the air flow through radiator. Air flow should be estab- 
lished before and during the application of plate, grid-No.2, and grid-No.l voltages. 
Plate power, grid-No.2 power, and air flow may be removed simultaneously. Cool- 
ing air is not nonnally required when only heater voltage is api^ied to the tube. 
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TYPICAL PLATE CHARACTERISTICS 
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TYPICAL COOLING 
REOUIREMeNTS 



TYP IC AL- CHARACTER I STI CS 



o < 



200 
ISO 



ijii:i_ninL_.. 

-jr*,GRlD-No.l VOLTS Ec. = + 30- 



H g 100 



90 



1 — I — r* 

_ TYPE 6816 

E,-6.3 VOLTS 
- GRID-No.2 VOLTS-300 - 

ici , r-T-iC2 




TYPE 6816 

AIR FLOW DIReCTEO THROUGH 
RADIATOR FROM fx I'/i" ORIFICE 
LOCATED VW FROM RADIATOR. 

MAX. ALLOWABLE TEMPERATURE 
RISE WITH INCOMING AIR TEMP- 
ERATURE OF 25'C 



200 400 600 600 1000 



PLATE VOLTS 

92CS-9225TI 




20 40 60 80 100 120 140 
PLATE DISSIPATION-WATTS 

92CM>9220T 



TWIN BEAM POWER TUBE 



K,G3,IS 

Pas (4) PS I 



6850 




Small, sturdy, heater-cathode 
type used as af power amplifier and 
modulator, as push-pull rf power am- 
plifier and oscillator, and as frequency 
tripler. May be used with full input up 
to 100 Mc and with reduced input up to 470 Mc. Class C Telegraphy maximum 
plate dissipation (per tube), CCS 20 watts, ICAS 25 watts. Requires Septar seven- 
contact socket and may be operated in any position. Outline 14, Outlines Section. 
Heater volts (ac/dc), 12.6; amperes, 0.625. Except for heater rating, the 6850^is 
identical with type 6524. 
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6883 



BEAM POWER TUBE 

Small, sturdy, heater-cathode type 
used as af power amplifier and modu- 
lator and as rf power amplifier and 
oscillator. May be used with full input 
up to 60 Mc and with reduced input 
up to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 20 watts, ICAS 
25 watts. Requires Octal socket and may be operated in any position. Outline 18, 
Outlines Section. Heater volts (ac/dc), 12.6; amperes, 0.625. Except for -heater 
rating and base, the 6883 is identical with type 6146. . 




6884 



BEAM POWEli TUBE 

Small, sturdy, uhf, forced-air 
cooled, heater-cathode, cermolox type 
used as af power amplifier and modu- 
lator, and rf power amplifier and oscil- 
lator in compact and mobile and fixed 
equipment. Useful at frequencies up to 2000 Mc and beyond. Class C Telegraphy 
maximum plate dissipation, CCS 115 watts. May be operated in any position. OUT- 
LINE 78, Ottilines Section. Heater volts (ac/dc), 26.5; amperes, 0.52. Except for 
heater rating, the 6884 is identical with type 6816. 

BEAM POWER TUBE 

Small, sturdy, heater-cathode ^0<\«5 
type used as rf power amplifier and Oo93' 
modulator and as rf power amplifier 
and oscillator. May be used with full 

input up to 125 Me and with reduced 
input up to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 10 watts, 
ICAS 13.5 watts. Requires Octal socket and may be operated in any position. Out- 
line 15, Outlines Section. Heater volts (ac/dc), 12.6; amperes, 0.4. Except for 
heater rating, the 6893 is identical to the 2E26. 





6897 



UHF POWER TRIODE 

Forced-air-cooled type used as rf 
power amplifier and oscillator. May be 
used at full input up to 2500 Mc in 
cathode-drive circuits of the coaxial- 
cylinder type. Class C Telegraphy max- 
imum CCS plate dissipation, 100 watts. May be operated in any position. Out- 
line 86, Outlines Section. Adequate air must be provided to prevent the tempera- 
ture of the seals and the radiator from exceeding 250°C. 



Heater Voltage (ac/dc)° ■ 6.3 

Heater Cubhent 1.05 

Thanscon'ductan-cb ...t^ 24800 

AMPLtrrcATioN Factor 96 

Direct Intebe[,ectrode Capacitances: 

Grid to plate 2.0 

Grid to cathode 6.5 

Plate to cathode 0 , 024 

* Because the cathode is subjected to considerable back bombardment as the frequency is increased witli 
resultant increase in temperature, the heater voltage should be reduced depending on operating condi- 
tions and frequency to prevent overlieating of the cathode and resultant short life. 

* Kate yaitBt 600; plate SQlUiamperes, 76. 



volts 

amperes 
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PUTE-MODULATED RF POWETAMPUFIER— Qau C Telephony 
Maximum CCS Ratings: 

DC Plate Voltage 

Grid Voltage: 

DC 

Peak Negative RF > 

Peak Positive R!-' 

DC Grid Currknt 

DC Cathode Cukkunt 

Grid Input 

Plate Dissipation 

• For a modulation factor ieaa than 1.0, it is permissible to use a higlier dc plate voltage provided thesum 
of the peak positive modulation voltage and the dc plate voltage doea not exceed 1200 volts. 





Volts 


-150 max 


volts 


400 viax 


volts 


30 max 


vol ta 


50 mux 


ma 


100 viax 


ma 


2 max 


watts 


70 mO'X 


watts 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 
Maximum CCS Ratings: 

DC Plate Voltage 1000 max 

Gbid Voltage: 

DC 

Peak Negative RF .-. 

Peak Positive RF 

DC GaiD Current 

DC Cathodis Current 

Grid Input 

Plate Dissipation 



volts 



6939 




Parallel 




6.3 


volts 


0.6 


ampere 


10500 




SI 




O.IS 




6.4 


Hilt 


1.6 


Mid 



TWIN POWER PENTODE 

Miniature, heater-cathode type 
used as push-pull, rf-power-amplifier 
and oscillator; as plate-modutated. 
push-pull rf amplifier; and as fre- 
quency-multiplier in eommunicatioiis 
equipment operating at frequencies up to 500 Mc. Tube is internally neutralized 
for push-pull amplifier service. At 500 Mc, tube delivers useful power output of 5 
watts in CCS or 6 watts in ICAS. 

Heater Arrangement: Series 

Heater Voltage (ao/dc) 12 . 6 

Heater Current 0.8 

Transconductance (Each unit)* 

Mu Factor, Grid No.2 to Grid No.l (Each unit)" 

Direct Interelbctrode Capacitances (.A.pprox., Each unit);" 

Grid No.l to plate 

Grid No.l to cathode, heater, grid Sn.Z, and grid No.2 

Plate to cathode, heater, grid No.3, and grid No.2 

Plate and grid-No.2 volts, 150; plate ma., 25. 
• Without external shield. 

PUSH-PULL RF POWER AMPUHER AND OSCILUTOR— Class C Telegraphy 

and 

PUSH-PULL RF POWER AMPLIFIER— Class C FM Telephony 
Values are on a per-tube batis unl«s $peeified otherwise 

For opereUion at frequencies up to 500 Me 
Maximum Ratings: CCS ICAS ^ 

DC Plate Voltage 250 max 

DC Grid-No.2 Voltage 20O max 

DC Grid-No.1 Voltage -100 max 

DC Pi^TB Current 90 max 

DC Grid-No.1 Current 6 max 

DC Cathode Current 100 max 

Plate Imput 12 max 

Grid-No.2 Ini"UT 3 max 

Grib-No.1 Input 0.2 Tnax 

Plate Dissipation 6 max 

Peak Heater-Cathode Voltage: 

Heater negative with reapect to cathode 100 mttx 

Heater positive with respect to cathode . . > 100 max 

Bulb Temperature (At hottest point) 225 max 



250 max 
200 max 

-100 max 
100 max 
8 max 
120 max 

14 max 
3 . 5 mtix 
0 . 24 max 
7.5 max 

100 max 

100 m<'..c 
225 vuix 



volts 
volts 

volta 
ma 
ma 
ma 

watts 

watts 
watt 

watts 

volts 
volta 
»C 



Typical Operation ot 500 Mci 

DC Plate Voltas 
DC Grid-No.2 



CCS 
180 
180 



ICAS 
200 
200 



volts 
volts 
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Xechnical Data 



DC Grid-No, 1 Voltage 

From ^rid resistor for eacli grid of. 
Peak-to-Peak RF Grid-No.l Voltage. . 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current 

Driver Power Output (Approx.) 

Useful Power Output (Approx.)* 



-20 


-20 


volts 


27000 


27000 


ohms 


60 


50 


volts 


56 


60 


ma 


12.5 


14 


ma 


1.5 


1.5 


ma 


1.2 


1.2 


watts 


5 


6 


watts 



PLATE-MODULATED PUSH-PULL RF POWER AMPLIHER— Class C Telephony 

Vahiea are on a per-tuhe basii 

For operation at frequencies up 

Maximum Ratings: 

DC Plate Voltage 

DC GmD-No.2 Voltage 

DC Gbid-No.1 Vultagb 

DC Plate Current 

DC Gbid-No.1 Cubbbht 

DC Cathode CtntRBNT 

Plate Input 

Grh>-No.2 Input 

Gbid-No.I Input 

Plate Dissipation 

Pkak Hbatbr-Cathodb Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Bulb Temperature (At hottest point) 

Typical Operation at 500 Met 

DO Plate Voltage 

DC Grid-No.2 Voltage 

DC Grid-No.l Voltage 

From grid resistor for each grid of 

Peak-to-Peak RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No-1 Current 

Driver Power Output (Approx.) 

Useful Power Output (Approx.) 



to 500 Me 



FREQUENCY TRIPLER— Class C 
Vuliiea are on a per-tiibe basis 



Moximum Ratings: 

DC Plate Voltaue 

DC Grid-No.2 Voltage 

DC Grid-No.1 Voltage 

DC Plate Current 

DC Grid-No.1 Cubrbnt 

DC Cathode Current 

Plate I.stut 

Grid-No.2 Input 

Gbid-No.1 Input 

Plate Dissipation 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Bulb Temperature (At hottest point) 

Typical Operation to 500 ,Mci 

DC Piate Voltage 

DC Grid-No.2 Voltage (Approx.) 

Through resistor of 

DC Grid-No.l Voltage 

From grid resistor (each grid) of 

Peak-to-Peak RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current 

Driver Power Output (Approx.) 

Useful Power Output (Approx.)* 

* Measured at toad of output circuit. 

OPERATING CONSIDERATIONS 

The 6939 requires a Noval nine-contact socket BXkd may be operated in any 
pp^tion. Outline 9, Outlines Section. 

In "straight-through" rf amplifier service, shielding may be reqtdred for stable 
OtaA^on. To minimize OKtemal feedback from the plate to grid No.l, a grounded 



CCS 


ICAS 




200 max 


200ttwa; 


volts 


200 max 


200 max 


volts 


-100 max 


-100 max 


volts 


64 max 


SO max 


ma 


6 max 


8 max 


ma 


80 max 


96 max 


ma 


o max 


10 max 


watts 


2 max 


2 . 3 max 


watts 


u . ^ mux 






4 max 


6 max 


watts 


100 max 


100 max 


volts 


100 max 


100 max 


volts 


225 max 


225 max 


«c 


CCS 


WAS 




ISO 


180 


voits 


180 


180 


volts 


-20 


-20 


volts 


68000 


27000 


ohms 


45 


50 


volts 


40 


55 


ma 


9.5 


12.5 


ma 


0.6 


1.5 


ma 


1 


1.2 


watts 


8.6 


5 


watts 


C 






tperalion at frequencies up to 500 Me 


CCS 


ICAS 




250 mtu 


250 max 


volts 


200 max 


200 max 


volts 


-100 max 


-100 max 


volts 


60 max 


80 max 


ma 


6 max 


8 max 


ma 


70 max 


80 max 


ma 


8 max 


10 max 


watts 


8 max 


3 . 5 max 


watts 


0.2 max 


0.24 max 


watt 


6 max 


7,5 max 


watts 


100 max 


100 max 


volts 


100 max 


lOOmoar 


volts 


2Z6max 


225 max 


"C 


CCS 


ICAS 




180 


200 


volts 


180 


190 


volts 


1200 


1200 


ohms 


-74 


-74 


volts 


82000 


82000 


ohms 


165 


166 


volts 


40 


46 


ma 


9.7 


11 


ma 


1.8 


l.S 


ma 


1.1 


1.1 


watts 


1.8 


2.2 


watts 
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HCA Transmitting Tubea — 



shield, crossing the terminal end of the tube socket through the space between pins 
4 and 5 and the space between pins I and 9, is generally adequate. 

The heater may be effectively bypassed by grounding one heuter pin at the 
tube socket and bypassing the other heater pin to ground with a low inductance 
capacitor. If further isolation of the ungrounded heater pin is required, a suitable 
rf choke, followed by another low-inductance bypass capacitor, is recommended. 

To reduce the effect of cathode lead inductance, the cathode of the 6939 should 
be grounded by the shortest possible connection. 

The rf impedance between grid No. 2 and the cathode must be kept low, usually 
by a suitable bypass capacitor. In telephony service when grid No.2 is modulated, 
a smaller bypass capacitor may be required than is used for telegraphy service to 
avoid excessive af bypassing. If the capacitance vialue used is too small, rf feedback 
may occur between the plate and grid No.l, depending on the circuit layout, oper- 
ating frequency, and power gain of the stage. AF bypassing difficulties can usually 
be eliminated if the grid-No. 2 bypass capacitor is replaced by a series-resonant 
circuit tuned to resonate at the operating frequency. This circuit will present a high 
impedance to audio frequencies but a very low impedance to its resonant frequency. 

It is recommended that a 100-ohm resistor be connected in series with grid No.2, 
as close as possible to the socket, to prevent the generation of parasitic oscillations. 

AVERAGE CHARACTERISTICS 
EACH UNIT 



}00 




100 ~ 



20 40 eO H KM IZO I40 KO ISO 200 220 240 260 
PLATE VOLTS 9ecM-IOei3T 



AVERAGE GRtO-No.Z CHARAGl^RtSTICS 

EACH UNIT 



(A 


300 






i 


2S0 


■J 










200 






M 






ISO 


Z 




a 




£ 
u 


100 




50 




0 



TYPE 6939 

E,-6.3 VOLTS 

PARALLEL HEATER ARRANGEMENT. 
GRID-No.Z VOLTS "200 




120 140 t60 
PLATE VOLTS 



teCH-l06«T 
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FULL-WAVE GAS AND 
MERCURY-VAPOR RECTIFIER 

See type 604/7014. 



7014 



HALF-WAVE MERCURY- 
VAPOR RECTIFIER 

See type 616/7018. 



7018 



RADIATOR' 




HALF-WAVE GAS AND 
MERCURY-VAPOR RECTIFIER 

See type 635/7019. 
See type 68SL/702o; 



BEAM POWER TUBE 



7019 
7020 



7034/ 
4X150A 

7035/ 
4X1 500 



Glass-metal, forced-air-cooled, 
heater-cathode types having integral 
plate radiators; used as af power am- 
plifiers and modulators and as rf power 
amplifiers and oscillators. Class C Te- 
legraphy maximum CCS plate dissipation, 250 watts. Full ratings to 150 Mc; re- 
duced ratings to 500 Mc. May be operated in any position. Outline 82, OuilineR 
Section. Air flow must be adequate to limit the plate and seal temperatures to their 
specified maximum values. A minimum air flow of 5.3 cfm must pas& through the 
radiator. Less air flow is required when an air-system socket is used to direct the 
flow of air through the radiator. 



Heater Voltage (Ac/DC)t 

Heater Current , 

Heating Time (Minimum) 

Mu-Factor, Grid No.2 to Grid No.l' 

DlKECT iNTEREI.ECTltODE CaPACITAN'CES:" 

Grid No.l to plate 

Grid No.l to cathode, grid No.2, and heater 

Plate to cathode, grid N-o.2, and heater. 

Flatb Tbmperatubb (Measured on base end of plate surface 

at junction with fins) 

Tbmpesaturb op Plate Smal , . 

Tehpbraturb op Base Seals akd Grid-No.2 Seal 

• Gnd-No.2 volts, 300; grtd-No.2 milliaraperes, 50. 



lOSU/UXloOA 
6.0 
2.6 



7035/^X1 BOD 
26.6- 
0.58 
80 
5 

0.03 
16 
4.4 

250 max 
200 max 
176 max 



vtAts 
amperes 
seeoni^ 



itfii 



AF POWER AMPLIFIER AND MODULATOR— Class ABi 
Maximum CCS Ratings: 

DC Plate Voltage 

DC Gbid-No.2 Voltaqe 

Maxiudu-Signal DC Plate Cubrbnt" 

Plate Dissipation'. 

Grid-No.2 Dissipation" 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Maximum Circuit Volues: 

Grid-No.l-Circuit Kn^tance (Per tube) 



2000 max 
400 max 
250 max 
250 max 
12 max 

160 max 
160 max 



volts 
volts 
ma 
watta 
watts 

volts 
v<^ts 



0.1 max megohm 



AF POWER AMPLIFIER AND MODUUTOR— Class AB2 
Maximum CCS Rotingsi 

DC Plate Voltage 



2000 max 



volta 
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RCA Transmitting Tubes 



up lo 


150 lo 




150 Mc 


500 Mc 




16 on max 


1000 max 


volts 


300 max 


300 Mifia; 


volts 


-250 max 


-250 max 


volts 


200 max 


200 max 


ma 


165 max 


165 max 


watts 


10 max 


10 max 


watts 


2 max 


2 max 


wattB 


150 mux 


160 max 


volts 


160 max 


IBO mas 


volts 




25000 max 


ohms 



DC Grid-No. 2 Voltage 400 max volts 

Maximum-Sign-al DC Plate Current" 250 map , ma 

Plate Dissipation" 250 max ' watts 

Geii>-No.2 Input" 12 mox watts 

Grid-No.1 Input 2 max watts 

Peak Heater-Cathode Voltage; 

"Heater negative with respect to cathode 150 vnax volts 

ISeater positive with respect to cathode 150 max ,7"'^ 

PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 

Tl-n lit 

Maximum CCS Ratings: 

DC Plate Voltage 

DC Grid-No.2 Voltage 

DC GiiiD-No.l Voltage 

DC Plate Current 

Plate Dissipation 

Gkid-No.2 Input '. . • ■ 

Grid-No.1 Input 

Peak Hbateb-Cathodb Voltage: 

Heater negative with respect to cathode 

Heater positive with respect to cathode 

Maximum Circuit Values: 

Grid-No. 1-Circuit Resistance, Under any condition 

RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 
f and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings: 

DC Plate Voltage 

DC Grid-No.2 Voltage 

DC Grid-No.1 Voltage 

DC Plate Current 

Plate Dissipation' , 

Grid-No.2 Input , 

Grid-No.I Input 

Maximum Circuit Values: 

Grid-No.l-Circuit Rosistance, Under any condition 

X Because the cathode is subjected to considerable back bombardment as the frequency is increased with 
resultant inereaac in temperature, the heater voltage should be reduced depending on operating condi- 
tions and frequency to prevent overheating the cathode and resultant short life. 

° "With cylindrical shield having inside diameter of 1-13/16 inches completely surrounding radiator, and 
insulated from the top and sides of it by a 1/16-inch thickness of insulating material; and with a cylin- 
drical shield having inside diameter of 1.460 inches and length of 5/16 inch EnuTOlinding tiie grid7No.2 
ring terminal and insulated from it. Both shields are connected to ground. 
" Averaged jayiBr any qudio-frequency cycle of sine-wave form. ' 



Up to 


150 to . 




150 Mc 


500 Mc 




2000 max 


1250 max 


volts 


300 max 


300 max 


volts 


—250 max 


-250 max 


volts 


250 max 


250 max 


ma 


260 max 


260 max 


watts 


12 max 


12 max. 


watts 


2 max 


2 max 


watts 




23000 max 


ohms 
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POWER PENTODE 

See type 8077/7054. 

MEDIUM-MU TRIODE— 

POWER PENTODE 

Miniature keater-cathode type 
/ used in mobile communication equip- 

ment operating from 12-volt storage- 
battery systems. Pentode unit is used 
^ in Class C rf amplifier and frequency- 

multiplier applications at frequencies up to 40 Mc; triode unit is used in reactance 
modulator circuits. Requires Miniature nine-contact socket and may be operated 
in any position. Outline 6, Outlines Section. During manufacture, this tube is sub- 
jected to special controls and tests for heater-cycling, heater-cathode leakage, in- 
terelectrode leakage, low-frequency-vibration performance, 600-liour intermittent 
life performance, and intermittent shorts. 
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Technical Data 



Heater Voltage Rangil (ac/dc) 12 to 15 volta 

H&ATBR Current (Approx.) at 13.6 volts 0.28 ampere 

Direct Zntbrslectbodb Capacuangbs;^ 
Triode Unit: 

Grid to Plate 2.2 n/d 

Grid to Cathode and Heater 2.4 mtt 

Plate to Cathode and Heater 0 .22 . nnt 

Pentode Unit: 

Grid No.l to Plate 0.044 nnf 

Grid No.l to all Other Electri>dt!3 except Plate 7.1 iiiil 

Plate to all Other Klectrodea except Grid No.l 2.5 *»Aif 

Triode Grid to Pentode Plate ; 0 . 022 viax tiftt 

Pentode Grid No.l to Triode Plate 0 . 015 max niit 

Pentode Plate to Triode Plate 0.16 itid 

*• Without external shield. 



Average characteristics 

TRIODE UNIT 



TYPE 7060 




PUTE VOLTS »cM-9aorr 



AVERAOE CHARACTERISTtCS 



PENTODE UNIT 




PLATE VOLTS 91CI1-9UIT 



AMPLIRER—Class Ai 

... _ . Triode Pentode 

Maximum Ratings: Unit Unit 

Plate Voltage » 800 max 800 max volts 

GRii>-Na2 Supply Voltage - 800 max volts 

GiUD-Ma2 Voltage See srid-No.2 Xnput Bating Chart ^ 
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RCA Transmitting Tubes 



100 



u. 

o 
t- 

ui oO 

W EC 
Ua 

"9 40 

2o 

< 
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THIS CURVE ALSO APPLIES TO 1 
IN WHICH GRIDS N22 & N2 4 AF 
-CONNECTED TOGETHER WITHIN 

MAXIMUM OPERATING CONDf>. 


"VPE5 
E 

rue Tl IQC 
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li-p'ii 
























AREA OF 
PERMISSIBLE OPERATION 




A 






















K 































































20 40 60 60 100 

GRI0-N22 VOLTAGE EXPRESSED AS PER CENT OF 
MAX. GR1D-NS2 SUPPLY VOLTAGE RATING 

92CM-75e6TVf 



GBip-No.l Voltage, Positive bias value 0 max 0 mttx volts 

GBii>-N6j! Input: 

For erid-No.2 voltages up to 150 volts - 1 max watt 

For grid-No.2 voltages between 150 and 800 volts See Krid-No.2 Input Rating Chart 

Plate Dissipation 2.5 moa; i nuae watts 

Fbak Heater-Cathode Voltage: 

Heater negative with respect tu cathode 120 max 120 max volts 

Heater positive with respect to cathode 120 max 120 mo* volts 

Triode Pentode 

Characteristics with 13.5 Volts on Heater: Unit Unit 

Plate Supply Voltage 150 200 volts 

Grid-No.2 Supply Voltage - 125 volts 

Cathode Resistor 150 82 ohms 

Ampliiication Factor 40 — 

Plate Resistance (Approx.) 8200 150000 ohms 

TranacoQductancc 4900 7000 /imhos 

Plate Current 9 15 ma 

Grid-No.2 Current - 8.4 ma 

Grid-No.X Voltage (Approx.) for plate current of 100 y:a -6.5 -A volts 

Maximum Circuif Valuesi 

Grid-Ncl-Circuit ReeistaDce: 

For fixed-bias operation 0 . S max 0 . 25 max megohm 

For cathode-bias operatioD 1 max 1 max, megohm 

RF POWER AMPLIFIER AND OSCILLATOR— Class C T«l«graphy 

' and 

RF POWER AMPUFIER— Class C FM Telephony 

Maximum CCS Ratings, (Pentode Unit): 

DC Plate Voltage 800 moa; volts 

DC Grii>-No.2 Voltage 150 moa; volts 

DC Gkid-No.1 Voltage: 

Negative-bias value 50 max voits 

Fodt^ve^biaa value 0 moaf vt^ts^ 
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Technical Data 



DC Plate GunREMT * 

DC Gbid-No.2 Current 

DC Gbid-No.1 CUIIKEMT i . . i . . 

Grid-No.2 Input : . 

Plate Dissipation- • 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode , 

Heater positive with respect to cathode 

Typical Operation with 133 Volts on Haaten At frequencies up to AO Me 

-DC Plate Voltage 200 

DC Grid-No.2 Voll^ ■ 

DC Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current (ApptOl.) 

Driving Power (Approx.) ; 

Power Output • , 1 • * 

Maximum Circuit Valuest 

Grid-No.l-Circuit Resistance. . . 



20 max 
7 max 
3 max 
0.8 max 
2.76 nuns 



120 meae 
120 max 



ma 
ma 
ma 
watt 
watts 

volts 

. volta 



200 


250 


300 


volte 


85 


105 


125 


volts 


-7 


-9 


-11 


volta 


11 


15 


20 


ma 


8.2 


4.5 


6 


ma 


0.9 


1.2 


1.6 


ma 


9 


15 


25 


mw 


1.8 


2.1 


8.6 


watts 






0.1 max 


me&ohm 
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BEAM POWER TUBE 

Sturdy heater-cathode type \ised 

as af power amplifier and modulator, 
and as rf power amplifier and oscillator. 
May be used with full input up to 60 
Mc. For operation at 100 Mc, plate 
voltage and plate input should be reduced to 80 per cent of maximum ratings; at 
175 Mc, to 70 per cent. Class C Telegraphy maximum plate dissipation, CCS 100 
watts, ICAS 125 watts. May be operated in any position. Outline 29, Oudines 
Section. Under operating conditions at maximum ratings, some forced-air cooling 
will be required to limit the maximum bulb temperature to its specified value. 



Heater Voltage (ac/dc) 

Heater Current at 6.3 volts 

Mu-F ACTOR, Grid No.2 To Grid No.l* 

Direct Interelectrodb Capacitances: 

Grid No.l to plate 

Grid No.l to grid No.2 and internal shield 

Grid No.l to cathode and heater 

Grid No.2 and internal shield to plate 

Grid No.2 and internal shield to cathode and heater . 

Plate to cathode and heater i ... ... . . 

Bui3 Temperature (At hottest point) 

* For plate and gTid-No.2 volts, 800; [date ma., 250. 



6.8 


volts 


.86 


ampena 


7 




0.6 




11 


Hid 


8.S 




9.5 


Hid 


2.0 




0.2 




260.tRffie 





AF POWER AMPUFIER AND MODULATOR— Class ABf 



Maximum Rotings; 

DC Plate Voltage 

DC Gbid-No.2 Voltage 

Maximum-Sign.al DC Plate CurrentJ. . . 

Maximum^ignal Plate XmputI 

Maximum-Signal Grid-No.2 Infut} 

Plate Di^iPATioNt 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode. 

Hrater positive with rrapect to cathode . 

PLATE-MODULATED RF P( 
Maximum Ratings; 

DC Plate Voltage 

DC GR1&-N0.2 Voltage 

DC Grid-No.1 Voltage 

DC Plate Current 



CCS 


ICAS 




1500 max 


2000 max 


volts 


400 max 


400 max 


volts 


350 max 


350 max 


ma 


300 max 


400 max 


watts 


20 max 


20 max 


watts 


100 max 


125 max 


watts 


135 max 


135 max 


volts 


186 max 


186 max 


volts 


ass C Telephony 




CCS 


ICAS 




1000 max 


1200 max 


vcdts 


400 viax 


400 max 


V<dtB 


-800 vtax 


-300 max 


volts 


280 max 


28 0 max 


ma 
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RCA Transmitting. Tubes 



DC GBno-No.1 Cukeent • 

Plats Input 

Gbii>-No^ Input 

Plate Dissipation 

Peak Heateb-Cathode Voltage: 

Heater negative with respect to cathode. 

Heater positive with respect to cathode. 



26 max 


30 max 


ma 


250 max 


335 max 


watts 


18.5 max 


13 . 5 max 


watts 


67 m<ae 


88 max 


watts 


135 max 


135 max 


volts 


135 max 


135 max 


volts 



Maximum Circuit Values: 
Grid-No.l-Circuit Kesistaace^. 



30000 max SOOOO max 



olmtB 



RF POWER AMPUHER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Moximum Ratings: 

DC Plate Voltage 

DC Ghid-No.2 Voltage 

DC Gbid-No.1 Voltage 

DC Plate Current 

DC Griek-No.1 Current 

Plate Input 

Gbid-No.2 Input 

Pi^tb Dissipation 

Peak Hkatbr-Cathodb Voltage: 

Heater negative with respect to cathode 

Hcnter ppfAtive with respect to cathode 

Mdximom Circuit Values: 

G rid-No. 1-Circuit Resistance" 

; Averaged over any audio-frequency cycle of sine-wave form. 

° When grid No.l is driven positive, the. total dc grid-No. 1-circuit resistance should not exceed the Bpeci- 
fied maximum value of 30,000 ohms. If this value is insufficient to provide adequate foiaa» the additional 
required bias must be supplied by a cathode resistor or fixed supply. 



CCS 


WAS 




1250 max 


1500 viax 


volts 


400 max 


400 max 


volts 


-800 max 


-800 max 


volts 


340 max 


340 max 


ma 


26 max 


80 max 


ma 


375 max 


500 max 


watts 


20 max 


20 max 


watts 


100 max 


125 max 


watts 


135 max 


135 max 


volts 


135 max 


186 max 





30000 max 30000 max 



ohms 



7203/ 
4CX250B 

7204/ 
4CX250F 



BEAM POWER TUBE 

Ceramic-metal, forced-air-cooled, 
heater-cathode types used as af power 

amplifiers and modulators and as rf 
power amplifiers and oscillators. May 
be used witli full input up to 500 Mc. 
Class C Telegraphy maximum plate 
dissipation, CCS 250 watts. 

7«0S/ 

6 

2.6 



RADIATOR 




720^/ 
i,CX250F 
26.5 
0.58 
SO 
5 

0.03 
16 
4.4 



Heater VoltageJ (ac/dc) 

Hbater Curkent 

Minimum Heating Time 

Mu-F ACTOR, Grid No.2 To Grid No.l-*- 

Direct Intbrelectrodb Capacitances:" 

Grid No.l to plate 

Grid No.l to cathode, grid No.2, and heater 

Plate to cathode, grid No.2, and heater 

Plate Temperature (Measured on base end of plate surface at 

junction with fine) 260 max 

TsuemATUBM of Platb Seal, Ghid-No.2 Seal, and Basb Seals 2S0 max 

it Tot grid-N<K2 volte, 800; grid-No.2 ma., 50. 

AF POWER AMPLIFIER AND MODULATOR— Clau ABi 

Maximum CCS Ratingi: 

DC Plate Voltace 2000 max 

DC Griu-No.2 Voltage 400 max 

Maximum-Signal DC Platb Cuhbbnt" 250 max 

Plate Dissipation" 250 max 

GRn>-No.2 Input" 12 max 

FBAK HEA'raat-CATHODB Voltaqb: 

'^^tter negative with respect to cathode 150 max 

iEeater positive with respect to cathode 150 max 



volts 
amperes 
secondB 



Hid 



volts 
volts 
ma 

watts 

watts 

volts 
v^ -S 
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Typical CCS Operationt Values are for 2 tubes 

DC Plate Voltage 1000 1500 200O volts 

DC Grid-No.2 Voltage 860 860 880 volta 

DC Grid-No.l Voltage -55 -55 -55 volts 

Peak AF Grid-No.l-to-Grid-No.l Voltage 94 94 94 volts 

Zero-Signal DC Plate Current 166 166 166 ma 

Maximum-Signal DC Plate Current 600 500 500 ma 

Zero-Signal DC Grid-No.2 Current 0 0 0 ma 

Maximum-Sisnal l^C (}rid-No.2 Current (Approx.)... 10 8 8 ma 

Effective Load Resistance (Plate to plate) 8300 6000 8700 ohms 

Maximum-Signal Driving Power (Approx.) 0 0 0 ™^ 

Maximum-Signal Power Output (Approx.) 220 400 590 watts 

Maximum Circuit Valuest 

Grid-No.l-Circuit Resistance (Per tube) 0.1 ma* megohm 



PLATE-MODULATED RF POWER AMPUHER— Class C Telephony 

Up to 500 Mc 



DC Plate Voltage isoo max volts 

DC Gbid-No.2 Voltage 300 max volts 

DC GRiD-No.i Voltage -250 max volts 

DC Plate Current 200 max ma 

Plate Dissipation 165 viax watts 

Grid-No.2 Input 8 watts 

Grid-No.1 Input 2»W 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 150 max VMts 

Heater positive with respect to cathode 150 max volts 



Typical CCS Operation: 

DC Plate Voltage 

DC Grid-No.2 Voltage (Modulated approx. 55%)° 

DC Grid-No.l Voltage' 

Peak RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current (Approx.) 

Driving Power (Approx.)* 

Power Output (Approx.) 

Maximum Circuit Values; 

Grid-No.l-Circuit Resistance, Under any condition . . . 



At frequencies itp to 175 Mc 



500 1000 1500 volts 

260 260 250 volts 

-100 -100 -100 volts 

lis 118 113 volts 

200 200 200 ma 

32 SI 31 ma 

6 6 6 ma 

0.7 0.7 0.7 ■ watt 

50 140 285 watts 

25000 max ohms 



RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPUFIER—Class C FM Telephony 

Maximum CCS Ratingj: Up to 500 Mc 

DC Plate Voltage 2000 max 

DC Grid-No.2 Voltage 300 max 

DC Grid-No.1 Voltage -260 ma« 

DC Plate Current 250 max 

PtATB Dissipation 260 mosc 

Grid-No.2 Input 12 max 

GBiz»>Nal Input 2 max 

Peak HsAims-CATHODB V(n.TAOH: 

Hfiater nul^tive with respect to cathode 150 max 

' H^^ I^ttve with respect to cathode 160 max 

Typicot CO Operation; At freqtiencies up to 175 Mc 

DC Plate Voltage 500 lOOO 1500 2000 

DC Grid-No.Z'Voltage 250 250 250 250 

DC Grid-No.l Voltage -90 -90 -90 -90 

Peak RF Grid-No.l Voltage 109 109 109 109 

DC Plate Current 250 250 250 250 

DC Grid-No.2 Current 48 45 36 30 

DC Grid-No.l Current (Approx.) 12 12 11 11 

Driving Powtir (Approx.) 1 1 1 1 

Power Output (Approx.) 65 180 290 400 



volts 
volts 

TQltS 

ma 
watts 
watts 

watts 

volts 
volts 



volts 
volts 
volts 
volts 
ma 
ma 
ma 
watt 
wsttii 
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Ai-frequmey 0/ 500 Me teith eaaaial eavitv 










2000 


Tolta 








800 


Tolta 








-90 


TOltl 








250 


nia 








10 


ma 










ma 








18 


watts 








250 


watts 


Maximum Circuit Values; 






1 


• 


Grid-No.l-Cimiit ReiistMiee, Under any eoadltion. . 






attOOOnuui . 


ohnu 


LINEAR RF POWER AMPLIFIER 








Singla-Sideband Suppressed<Carrier Service 






Maximum CCS RatingH 




Up to 500 Me 










2000 max 










400 max 










250 viax 


ma 








250 max 










12 mox 




Peak H eater -Cathodk Voltage: 












150 max 


VOltfl 








160 max 


volts 


Typical CCS Operation: 


With two-io7ie modulation at SO il/rr: 




DC Plate Voltage 


1000 


1500 


2000 


voltfl 


DC Grid-No.2 Voltage* 


360 


850 


860 


Tolto 


DC Grid-No.l Voltage** 


-5S 


-56 ~ 


-56 








83 


83 






1650 


8000 


4860 


ohms 




250 


260 


250 






175 


175 


175 






80 


SO 


SO 






6 


9.6 


15 


niA 




0 


0 


0 






1 


1 


1 






96 


95 


95 


% 


Distortion Products Level:* 












29 


29 


30 


db 






88 


-85 




Useful Power Output (Approx.):f 














100 


147.5 


watta 




HQ 


200 


295 


watts 


Maximum Circuit V^hj«ti 










Grid-No.l-Circuit ReaktiuBce, Under any condition: 
















25000 max 










Not recommended 



{ Because the cathode ia subjected to coDsidarable back bombardment as the frequency is increased wiUi- 
raaultant increase in temperature, the heater voltage ^ould be reduced depending on operating condi- 
titms and frequency to prevent overheating the cathode and resultant short life. #" 
<*With cylindrical shield JETEC No.320 surrounding radiator»and vith a cylindrical shield JET^^ 
No.321 surrounding the Brid-No.2 ring terminal. Both ghielda are connected to ground. v ' 

■Averaged over any audio-frequency cycle of sine-wave form. ~ , 

•The driver stage is required to supply tube losses and rf-ctrcuit losses. The driver stage should be de- 
signed to provide an exceas of pov.'er above the indicated values to take care of variations in line voltage, 
in components, in initial tube characteristics, and in tube characteristics during life. 
^The dc grid-No. 2 voltage must he maduLated approximately 55% in phase with the plate modulation 
in order to obtain 100% modulation of the 7203. The use of a series grid-No^ resistor or raa^or may not 
give satisfactory performance and is therefore not recommended. 

^Obtained from grid-No.l resistor or from a combination of crid-No.l resistor with either fixed supply 

or cathode resistor. 

*PreferaUy obtained from a fixed supply. 

f Two-tone modulation operation refers to that class ol ampUGer service in which the Input contdsts of 

two equal monofrequency rf signals having constant amplitude. These signals are produced in a ringle- 

sideband suppressed-carrier system when two equal-and-constant-amplitode audio frequendes are 

applied to the input of the system. 

♦•Obtained from a fixed supply. 

* Without the use of feedback to enhance linearity. 

tMeasured at load ol output circuit having indicated eflldency. ( 



214 



Technical Data 



OPERATING CONSIDERATIONS 

Types 7203/4CX250B and 7204/4CX250F may be operated in any position. 
Outline 83, Outlines Section. It is essential that adequate cooling air be directed 
. over the base seals, past the envelope, and through the radiator. Under these con- 
ditions and with the tube operating at maximum plate dissipation for each class of 
service, a minimum air flow of 3.6 cfm must pass through the radiator. The cor- 
responding pressure drop is approximately 0.1 inch of water. These requirements 
are for operation at sea level and at an ambient temperature of 20''C. At higher alti- 
tudes and ambient temperatures, the air flow must be increased to maintain the 
respective seal temperatures and the plate temperature within maximum ratings. 
Less air flow will be needed if an air-system socket is used bo direct the flow of air 
through the radiator. . - . ... 




TYPtCAL CHARACTERISTICS 

I I TYPE 7203 /4CX250B 

Ef«6 VOLTS 

GRID-NaZ V0LTS-250 




0 200 400 600 

PLATE VOLTS 
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TYPICAL CONSTANT- CURRENT CHARACTERISTICS 




1200 1600 
PLATE VOLTS 




BEAM POWER TUBE 

Small, rugged, heater-cathode 
/ X I X type used as af power amplifier and 
modulator and as rf amplifier and os- 
' cillator in applications where depend- 

able performance under severe shock aa'=plane of electrode* 
and vibration is essential. May be used with full input up to 60 Mc and with re- 
duced input up to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 
20 watts, ICAS 25 watts. Requires Octal socket and may be operated in any posi- 
tion. Outline 18, Outlines Section. Except for base and special ratings and perform- 
ance data for shock and vibration, the 72 12 is identical with type 6146. t 
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7213 



BEAM POWER TUBE 

Sturdy, uhf, forced-air-cooled, 
heater-cathode, cermolox type used as 
rf power amplifier and oscillator in com- 
. pact mobile and fixed equipment. Tube 
■i-employs matrix-type cathode. Useful 
with full ratings at frequencies up to 1215 Mc. Class C Telegraphy maximum plate 
dissipation, CCS 1500 watts. 



HBATEB Vor,TAl-.K (AC DC)t. 



Heater Current (At 5.5 volts) 

Minimum Heating Time (At 5.5 volts) 

Mu-Factob, Gbid No.2 To Grid No.l*- 

Direct Intbkslbctrodd Capacitjuicbs: 

Grid No.l to plate" : 

Grid No.l to cathode and heater 

Plate to cathode and heater*" 

Grid No.l to grid No.2 

Grid No.2 to plate 

Grid No.2 to cathode and heater 

Seai. Tbmperaturb (Plate, grid No.2, grid No.l, cathode, and heater). 
For plate volts, 2500; grid-No.2 volts, 600; plate ma., 600. 



5.5 typical 
6 max 
17.S 
5 
17 

0.17 max 
42 
0.017 
66 
16 
1.4 max 
250 max 



volts 
volts 
amperes 
minutes 



liixt 
Hid 

•C 



PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 

Maximum CCS Ratingst xjp to ISIS Mc 

DC Plate Voltage 2000 vukk 

DC Gbid-No.2 Voltaob 1000 max 

DC Grid-No.1 Voltage -800 max 

DC Plate Current 0.85 max 

DC Grid-No.1 Current 0.2 max 

Plate IKFUT 1700 max 

Grid-No.2 Input .85 max 

Plate Dissipation lOOO vm: 



volts 
volts 

TOttS 

ampere 
ampere 
watts 
watts 
Tratts 



Typical CCS Operation: 

DC Plate Voltage 

DC Grid-No.2 Voltagt;* 

DC Grid-No.l Voltage^ 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current (Approx.). 
Driver Power Output (Approx.)*. 
Useful Powpr Output (Approx.)*. 



In grid-drive circuit at 600 Mc 



Maximum Circull Valuesi 

§i|M-No.l-CIraiit Resistance. Under any condition. 



1800 


2000 


volts 


600 


500 


volts 


-80 


-80 


volts 


0.76 


0.88 


ampere 


0.016 


0.016 


ampere 


0.04 


0.04 


ampere 


60 


56 


watts 


650 


800 


watts 




6000# max 


ohms 



RF POWER AMPLIFIER AND OSCILUTOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER—Class C FM Telephony 



Maximum CCS Ratingst 

DC Plate Voltaoe 

DC GRrD-No.2 Voltage. 
DC Grid-No.1 Voltage. 

DC Plate Curkknt 

DC Grid-No.1 Current. 

Plate iNPtJT 

Grid-No.2 Input 

Plate Dibsipatjon. . . : . . 



Up to IXIS Me 

2500 max 
1000 max 
-300 max 
1 max 
0 . 2 max 
2500 7naz 
50 max 
1600 nuKB 



volts 
volts 
volts 
ampere 
ampere 
watts 
watts 
watts 



Typical CCS Operatiom 

DC Plate Voltage 

DC Grid-No.2 Voltage**. 
DC Grid-No.l Voltag^.. 

DC Plate Current 

DC Grid-No.2 Current. . . 



In griMriM HreuU at 600 Me 

2260 2600 volts 

600 500 volts 

-SO -SO volte 

. .0.9 1 ampere 

0.02 0.02 ampere 
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DC Gnd-No.l Current (Approx.) 0.07 0.07 ampere 

Driver Power Output (Approx.)* 70 76 watts 

08e£ul PowCT Output (Approx.)* v 1050 1850 watts 



Maximum Circuif Valuesi 

Grid-No.l-Circuit Besistance, Under any condition 5000 *'max ohms 

tBeq/wwe tJa^Lcatfepd,? ia subjected to considerable back bombardment as the frequency is increased with 
resultant increiise in temperature, the heater voltage should be reduced depending on operating condi- 
tions and frequency to prevent overheating the cathode and resultant ahort life. 

'With external, fiat, metal shield having diameter of 8 inches, and center hole approximately 3 inches in 
diameter, provided with spring fingers that connect the shidd to (Erid-No.2 terminal. Shield is located 
in plane of grid-No.2 terminal perpendicular to the tube axis. 

■With external, flat, metal shield having diameter of 8 inches, and center hole appTOdmateb^ 23i inches 
in diameter, provided with spring fingers that connect the shield to grid-No. 1 terminal. Sbi^d ii located 
in plane of grid-No.l terminal perpendicular to the tube axis. 

•Obtained preferably from a separate source modulated along with the plate supply. 

^Obtained frnni grid-No.l leristor or from a combination of crld-No.l relator with dther fixed supply 

or cathode resistor. " . _. j ■. 

*The driver stago U required to supply tube losses and rf-circuit losses. It should be desiKned to provide 

an excess of power above the indicated value to take care of vaiiattoos in line voltage, in components, in 

initial tube characteristics, and In tube duuracteristics during life. 

*Thl8 value of useful power is measured in load of output circuit. 

*If this value is insufficient to provide adet^te bias, the additional required bias must be supplied by a 
cathode reastor or fixed supply. 

**Obtained preferably from a fixed supply, or from the plate-eupply voltage with a voltage divider. 
* Obtained bom fixed supply, by grid-No.! r^tor» by cathode resistor, or by eombinatilon methods. 



OPERATING CONSIDERATIONS 

Type 7213 may be operated in any position. Outline 88, Ouilines Section. 
Adequate forced-air cooling must be provided to limit the terminal temperatures 
to tlieir specified values. Typical cooling requirements are shown in the accompany- 
ing graph for air flow through the radiator. An air flow of 10 cfm is usually adequate 
to grid-No.2, grid-No.l, cathode,- and heater terminals. 



TYPICAL CHARACTERISTICS 
— 1 ] 1 i 1 ; r- 

TYPE 7213 
E(»5.5 VOUTS 
6RID-N0.2 VOLTS>900 
ICI 

102 




500 toco 1500 2000 

PLATE VOLTS 

92CM-9740T 



TYPICAL COOLING 
REQUIREMENTS 



E5 

ii 



250 



34 
U I 
HO 
1 Z 

<3E 
WO 

H- 

CD 
< 



200 



150 



100 



50 



TYPE 7213 

AIR FLOW THROUGH RADIATOR 
IN EITHER DIRECTION. 

MAXIMUM PLATE-SEAL 
TEMPERATURE'250"C 



CURVE 


PRESSURE DROP- 
INCHES OF WATER 


A 


0.35 


B 


0.6 


C 


1 


D 


1.5 



MAXIMUM ALLOWABLE TEljiPeRATygE 
RISE WITH INCOMtNG-AIR TEMPERATURE 
OF 45' C 




20 40 60 80 100 
PER CENT OF MAXIMUM 
RATED PLATE DISSIPATION 
PGR EACH CLASS OF SERVICE 

92CM-9r3TT 
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1 1 1 
TYPE 7213 

E,-5.5V0LTS 






















GRID 


-NO.Z V 


OLTS*S 
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GR 
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1 
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92GM*979eT 




BEAM POWER TUBE 

Sturdy, uhf, forced-air-cooled, 701 A 

heater-cathode, cermolox type used as / X I'l 

rf-pulse power amplifier in compact 
j^jH-K mobile and fixed equipment. Useful 

with full ratings at frequencies up to 
1216 Mc. Plate-and-Screen-Pulsed RF Amplifier maximum average plate dissipa- 
tion, 1500 watts; maximum pulse duration, 10 microeeconds. Tube has matrix^type 
cathode. 

HaATBR Voltage (AC/DC) J - 5.5 fj/j;ical volts 

() max volts 

Hbateb Cursbnt (At 5.5 volts) 17.3 amperes 

MiKiHUM Heating Time (At 5.5 volts) 5 niiitttM 

Mu-Factor, Grid No.2 To Geid No.l* ; ■ 19 

Direct Interelectrodb Capacitances: 

Grid No.l to plate" 0 .17 max fifit 

Grid No.l to cathode and heater -12 nfi( 

Plate to cathode and heater"" 0.017 mux /ijjf 

Grid No.l to grid No.2 55 itfii 

Grid No.2 to plate 16 

Grid No.2 to cathode and heater" 1-4 ««» wrf 

Seal Tbmpbraturb (Plate, grid No.2, grid No.l, cathode, and heater) 250 max *C 

* For plate volts, 2500; grid-No.2 volts, 600; plate ma., 600. 

: GRID-PULSED RF AMPLIFIER 

For maximum ON Hme* of 10 microseeondo 

Maximum CCS Ra«ngs! Up lo 1315 ^^c 

DC Plate Voltage 5000 ^ volts 

DC Gkid-No.2 Voltage 1200 mux volts 

DC GRiD-No.l Voltage -300 max volts 

DC Plate Cuhubnt During Pulse 18 max amperes 

DC Plate C^khe.st 0.2 mux ampere 

Grii>-No.2 Input (Average) 50 muj: watts 

Gkj[>-No.[ I.M'ut (Average) • 30 max watts 

Plate nissii'.vno.N (Average) • 1500 max watts 

Typical Operation: 

Iti Ci((s« C cathode-drive circuit wWtreetangulur'wave pitlses atlSlS Me and wUh duty faclor° of 0.01 

DC Plate Voltage 4500 volts 
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BEAM POWER TUBE 

v_,c, sturdy, uhf, forced-air-cooled, TO! A 

heater-cathode, cermolox type used as # X iTT 
rf-pulse power amplifier in compact 
^JH.R mobile and fixed equipment. Useful 
with full ratings at frequencies up to 
1215 Mc. Plute-and-Screen-Pulsed RF Amplifier maximum average plate dissipa- 
tion, 1500 watts; maximum pulse duration, 10 microseconds. Tube has matrix-type 
cathode. 

Hbatbb Voltage (AC/DC) t-- • 6.5typieal volts 

6 liutx volts 

Hkatkr CuHHiONT f At 5.6 volts) 17.8 amperes 

Minimum Heating Timb (At 5.5 volta) 5 minutM 

Mu-Faciob, Grid No.2 To Grid No.1* 19 

dmbct imtbrelectrode capacitances: 

Grid No.l to plate* 0 - 17 nnt 

Grid NO.1 to cathode and heater *2 /ipf 

Plate to cathode and hsMtet" 0 017 max fifxi 

Grid No.l to srid No.2 ■. , 55 m^t 

Grid No.2 to plate 16 txnt 

Grid No.2 to cathode and heater" 14 max fi/if 

SSAL Tbupbbatubb (Plate, grid No.2, grid No.l, cathode, and heater) 250 max °C 

* For plate volts, 2500; 8;rid-No.2 vt^ts, 600; plate ma., 600. 

GRID-PULSED RF AMPLIFIER 
_„ . For maximum ON time* of 10 microseconds 

Maximum CCS Ratings; Up to 1215 Me 

DC Plate Voltage 5000 max volts 

DC Grid-No.2 Vo{,ta<;r 1200 vtax vrfto 

DC Grii>-No.1 Voltacb ' -800 n»<Mf volts 

DC Plate Qurrbnt During Puub 18 max amperes 

DC Plate Current. 0-2 max ampere 

GriD'No.2 Iwut (Average) 50 max watts 

Grid-No.1 Input (Average) .' • 80 mo* watts 

Plate Dissipation (Average) .■ 1500 inax watts 

Typical Operation: 

In Claas C eailtode-4riv« cireuit wUh recteniinttor-woee piiteee at ttlS Me OMd with duly ftwhr'^ of O.Oi 

DC Ptate Voltage 4500 volts 
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OPERATING CONSIDERATIONS 

Type 7214 may be operated in any position. Outline 88, Ouilines Section. 
Adequate forced-air cooling must be provided to limit the terminal temperatures 
to their specified values. For typical cooling requirements for air flow through the 
radiator refer to graph for type 7213. An air flow of 10 cfm is usually adequate to 
grid-No.2, grid-No.l, cathode, and heater terminals. 

K 

BEAM POWER TUBE 

Sturdy heater-cathode types used 7270 
as af power amplifier and modulator 
and rf power amplifier and oscillator. 7271 

May l)e used with full input at fre- 
quencies up to 60 Mc. For operation at 
100 Mc, plate voltage should be reduced to 80 per cent and plate input should be 
reduced to 85 per cent of maximum ratings; at 175 Mc, reduce plate voltage to 62 
per cent and plate input to 70 per cent. Class C Telegraphy maximum plate dissipa- 
tion, CCS 60 watts, ICAS 80 watts. Requires Septar 7-contact socket and may be 
operated in any position. Outline 28, Outlines Section. Under operating conditions 
at maximum ratings, some forced-air cooling will be required to limit the maximum 
bulb temperature to its specified value. The plate shows no color when the tube is 
operated at maximum rated plate dissipation xmder CCS conditions. At maximum 
rated plate dissipation under ICAS conditions, the plate may show a barely dis- 
cernible color in a dark room. 

7270 

HliATl^It VOLTA(Jli (aG/DC) 6.3 




Heathr Currisnt. 



2.86 



Mu-Factor, Grid No.2 To Grid No.l" 

Direct Intbreilectbode Capacitances (Approx.): 

Grid No.1 to plate 

Grid No.1 to grid No.2 and internal shield 

Grid No.1 to catliode and heater 

Grid No.2 and internal shield to i^ate 

Grid No.2 and internal shield to cathode and heater 

Plate to cathode and heater 

Heater to cathode 

Bulb Tehferatubb (At hottest point) 

*For idate volts, 260; tfrid^No.2 volts, 260; plate ma., 10. 

AF POWER AMPLIFIER AND MODULATOR— Class AB| 

Maximum Ratings: 

DC l^TB Voltage 

DC Gkid-No.2 Voltage 

Maximuu-Sional DC Plate CuBRBNTt 

Maxihum-Sional Plate iNPUTt 

Maximum-Signal Gbid-No.2 InputJ 

Plate Dissipation^ 

Pbae Hbateb-Cathodb Voltage: 

Heatier negative with respect to,<»thode 

Heater positive with respect to caUiode 



Maximum Rotlngs: 

DC Plate Voltage 

DC Grid-No.2 Voltage. 

DC GBID-NO.1 VOT.TAOB. 

DC Plate Current 

DC Gri»-No.1 Current. 

Pi,ATR Input 

Gr[d-Xo.2 Input 

Plate Dissipation 



7371 




13.5 (+10% 


volts 


\ -20% 




1 . 25 amperes 


7370 & 7S71 




8.25 




0.4 




10 




8 




10 


md 


2.2 




0.14 


Hid 


17 


Hid 


250 max 


•C 



CCS 


ICAS 




1100 max 


1860 max 


. volts 


425 max 


426 max 


TOltS 


840 moa! 


840 max 


ma 


180 max 


250 max 


watts 


20 max 


20maa: 


watts 


60 max 


80 max 


watts 


185 max 


136 max 


volts 


186 max 


186 nuu 


TOltS 


ass C Telephony 




CCS 


ICAS 




900 max 


1100 max 


volts 


425 max 


425 max 


volts 


—300 max 


-300 max 


volts 


280 max 


280 max 


ma 


25 max 


30 jnax 


ma 


160 max 


210 max 


watt.=: 


13 . 5 max 


13. 5 max 


watts 


40 max 


50 max 


watts 
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Peak HL:ATeK-(,"ATHui»t: Voltage: 

Heater negative with respect to cathode. 
Heater positive with respect to cathode , 



135 nutx 
,1S6 max 



Vib max 
136 rnox- 



Maximum Circuit Values: 

Grid-No.l-Circuit Resistance" 



30000 mux, 30000 mix 
Class C Telegraphy 



RF POWER AMPLIFIER AND OSCILLATOR— 

and 

RF POWER AMPLIFIER— Class C FM Telephony - 

Maximum Ratings: CCS ICAS 

DC PLAT1-: Voltage 1100 max !350 max 

DC GBrD--No.2 VOLTAGI5 425 viiix 425 max 

DC Grid-No.1 VOLTAGis -300 max -300 mo* 

DC Plate CuimiCNT 340 witw 840 mo* 

DC Grid-No.1 CuKRiiNT 25 Mioa! 30 WMla! 

Plate Input 235 max 815 max 

GBlo-Na2 Input 20 max 20 max 

Plate Dissipation 60 max_ 80 »naaf 

Peak Heatbb-Cathodb Voltagb: 

Heater negative with respect to cathode 185 max 185 mm 

Heater positive with respect to cathode , 185 max . 185 max 



volts 
volts 



ohms 



volts 
volts 
volts 
ma 
Tns 
watts 
w'dtts 
watts 

volts 
volts 



80000 max 30000 max ohms 



Maximum Circuit Volues: 

Grid-Nu.l-Circuit Resistance" 

tAveraned over any audio-frequonry cyclu of sine-wave form. 

"If this valuta in in.HufrKiieiit to provide adequate bliui, the additional leQu^d bias must be supplied by a 
cathode resistor or fixed supply. 
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BEAM POWER TUBE 

Small, rugged, heater-cathode 
735/ type used as af power amplifier and 

modulator and as rf power amplifier 

and oscillator in applications where 

dependable performance under severe 
shock and vibration is essential. May be used with full input up to 60 Mc and with 
reduced input up to 175 Mc. Class C Telegraphy maximum plate dissipation, CCS 
20 watts, ICAS 25 watts. Requires Octal socket and may be operated in any posi- 
tion. Outline 18, Outlines Section. Heater volts (ac/dc), 26.5; amperes, 0.3. Except 
for heater rating, base, and special ratings and performance, the 7357 is identicfd 
'^m^ type 6146. 

BEAM POWER TUBE 

C ft Rugged, heater-cathode type used 

735o as rectangular-wave pulse modulator 

in applications where dependable per^ 
formance under severe shock and vi- 
bration is essential. Rated for service aa'=plane of electhodes 
with duty factors up to 1.0 at a maximum averaging time of 10000 microseconds. 
Beetangular-wave modulator masdmum plate di^pation, 10 watts. 




Heiateb Voltage (ac/dc) ; , 

Hbatek Cuhbbnt at 6.3 volts 

Teanscosductan-ce* , 

Mu-Factob, Grid No.2 To Grid No.1* 

Direct Intbkelectrode Capacitances: 

Grid No.l to plate 

Grid No.1 to cathode and grid No.8 and internal shield, grid ^0.2, 
base sleeve, and heater 

Plate to cathode and grid No.S and internal ^^d, grid No.2» 
base deeve, and ht^ter , 



6.8 
1.25 
7000 

4.6 

0 . 24 max 
18 
8.S 



v<dts 
amperes 
fimhos 
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Bulb Tbmphratukb (At hottest point) .* 

• For plate -volts, 200; grid-No.2. volta, 200; plate ma., 100. 
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- ^ ■ MODULATOR— Rectangular-Wave Modulotlon 

For duly faclort h'ctn-ecn 0.001 and 1 and nuKcimum aawaging time of 10,000 mieroseconds {n any intmai 

Maximum CCS Ratingst 

DC Platb Supply Voltage (Ebb)* See Rating Chart I 

Instantaneous Plate Voltage ■ 115% of Ebb 

DC Grid-No.2 Supply Voltage" 500 max volts 

DC Grii>-No.I Supply Voltage" 800 max volts 

(Minimum) See Rating Chart I 

Gbii>-No.1 Voltage: 

Instantancous-ncgiitive value 400 max volts 

Pyak positive value 100 max volts 

Pkak PLAT13 CuiittENT See Rating Chart H 

Peak GR10-NO.2 Curuknt 0.75 Inaz ampere 

Peak Grid-No. I Cububnt 0.6 max an^ere 

Plate Input • < 80 max watts 

Gbii>-No.2 Input .• • • 1.76 max watts 

Gkid-No.1 Input 0.5 max watt 

Plate Dissipation" See Ratine Chart I 

PsAK Hsateb-Cathodb Voltagb: 

Hea^' negative i^th respect to cathode 185 mov volts 

Heater positive with respect to cathiode ISSmax vtAtB 

Maximum Circuit Vdluesi " -- '^ ■ 

Grid-N0.1^rtfiiit ResUtance , 80000 max ohms 



TYPICAL CHARACTERISTICS 



TYPICAL CHARACTERISTICS 



TYPE 7358 
Ef6.3 VOLTS 
GRID-N0.2 V0LTS = 500 




400 600 800 tOOO 
PLATE VOLTS 

92C8-10I29T 




20© 



400 600 
PLATE VOLTS 



92C$-IOIS0T 



RATING CHART 




100 200 300 400 SCO 

OC GRIO-N& 2 SUPPLY VOLTS 

92CS-aOI2T 
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t Duty factor for the 7358 Is defined as the ON time in microseconds divided by 10,000 microaeconds. 
ON time is defined as the 8um of the duratioos of alt the individual pulses which occur during any 10,000- 
microaecond interval. 

Pulse duration is defined as the time interval between the two points on the pulse at which the in- 
stantaneous value ia 70 per cent of the peak value. The peak value is defined as the maximum value of a 
smooth curve through the average of the fiuctuations over the top portion of the pulse. 

^ For tube protection, sufficient resistance must be used in the plate supply circuit, the grid-No. 2 supply 
circuit, and the grid-No.l supply circuit so that the short-circuit current is limited to 0.6 ampere in each 
circuit. 

* Averaged over any interval not exceeding 10,000 microseconds. Care should be used in determining 
the plate dissipation. A calculated value based on rectangular pulses can be considerably in error when 
the actual pulses have a finite rise and fall time. Plate dissipation should preferably be determined by 
measuring the bulb temperature under actual operating conditions; then, with the tube in the same 
socket and under the same ambient- temperature conditions, apply sufficient dc input to the tube to ob- 
tain the same bulb temperature. This value of dc input is a measure of the plate dissipation. 

OPERATING CONSIDERATIONS 

Requires Octal socket and may be operated in any position. Outline 18, Out- 
lines Section. The bulb becomes hot dur- 
ing operation. To insure adequate cooling, 
therefore, free circulation of air must be 
provided around the 7358. Tke plate shows 
no color when operated with maximum 
rated dissipation. Connection to the plate 
cap should be made with a flexible lead to 
prevent any strain on the seal of the cap. 

For tube protection, sufficient resist- 
ance must be used in the plate supply cir- 
cuit, the grid-No.2 supply circuit, and the 
grid-No.l supply circuit so that the short- 
circuit current is limited to 0.5 ampere in 
each circuit. 



RATING CHART II 
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DUTY FACTOR 



92CS-60I4TI 
TYPICAL PLATE CHARACTERISTICS 



i 1 1 r 

TYPE 7358 

Et-6.3 VOLTS 
GRIO-No.E VOLTS'500 




200 



400 



600 



800 tOOO 

puaz vom 



7360 



BEAM-DEFLECTION TUBE 

Miniature heater-cathode type 
having unique design and mount struc- 
ture consisting of two plates, two de- 
flecting electrodes, together with a 
cathode, grid No.l, and grid No.2, 
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Used for modulator, demodulator, and frequency-converter applications in single- 
and double-sideband, suppressed-carrier communications equipment operating at 
frequencies up to 100 Mc; vtaed with single-ended or push-pull input to provide 
push-pull balanced output; used in low-cost balanced-modulator, balanced-mixer, 

and product-detector service. 



Heater Voltage (ac/dc) 6.8 volts 

'BxtAtmt Current 0 . 36 ampere 

Direct Intbrblectrodb Capacitances (Approx.):** 

GridMo.l to all other electrodes, except plate 7.5 Md 

Grid No.l to deflecting electrode No.l 0.16 

Grid No.l to deflecting electrode No.2 0 .15 ftiii 

Grid No.l to plate No.l 0-003 

Grid No.l to plate No.2 0.003 w(f 

Plate No.l to all other electrodes, except dellecting-electrode No.2 0.8 w»f 

Plate No.2 to all other electrodes, except deflecting-electrode No.2 0.8 

Plate No.l to plate No.2 0.8 

Deflecting-electrode No.l to all other eieetrodcB, except plate No.l 4.6 i»id 

DeHecting-eleetrode No.2 to all other electrodes, ezcept plate No.2 4.6 itid 

Deflecting-electrode No.l to plate No.l 4 wif 

Deflecting-electrode N()-2 to plate No.2 4 imt 

Deflecting-electrode No.l to deflecting-electrode No,2 1.4 wit 

**^thottt external shield. 

Characteristics, Class Ai Amplifier: 

Plate-No.l Supply Voltage 160 volts 

Plate-No.2 Supply Voltage 150 volts 

Deftecting-Electrode-No.l Supply Voltage 25 volts 

Deflecting-Electrode-No.2 Supp^ Voltage 26 volts 

Grid-No.2 Supply Voltage 175 volts 

Cathode Resistor 160 ohms 

Total Beam Current (plate-No.l current plus-plate-NDi^aifrreiit) 8.6 ma 

Grid-No.2 Current ; 2.1 ma 

Transconductance : 

Grid No.l to both plates connected together 1 5400 ^imhos 

Deflecting-electrode No.l to plate No.l" 800 jimhos 

Deflecting-electrode No.2 to plate No.2 ■ 800 ^rahos 

Switching Voltage* H volte 



" Defined as the partial derivative of the plate mrrent with respect to the difference between the de- 
flecting-dectrode voltages, evaluated about the point of equal plate currents. 

• Defined as the sum of (a) the absolute value of the difference between the deflecting-electrode voltages 
when the current to one plate is equal to 90 per cent ot the total beam current and (b) the absolute value 
of the difference between the deflecting-electrode voltages when the current to the same plate is equal to 
10 per cent of the total beam current. This 3um, expressed in terms of signal voltage, corresponds to the 
peak-to-pesk value of signal voltage that is required between the deflecting electrodes to produce peak- 
to-peak rignal current at either j^ate equal to 80.^ eentot^e total bwin current. 



Maximum Ratings: BALANCED-MODULATOR SERVICE ' 

Pi>ATB-No.l Voltage 800 max volts 

PlatB-No.2 Voltaqe 800 max volts 

Dkplbcti.s'G-Electbodb No.l Voltage ±100 max volts 

DEFLECTIN'G-ELECTRODEN0.2VOLTAa8 *100 max volts 

Gbii>-No.2 Voltage 250 max volts 

Plate-No.1 OtssiPATlON. . ■. 1.5 max watts 

Plate-No.2 Dissii'ATiOM 1.5 max watts 

GBiD-Nf).2 iMi-uT , O.Smox mitt 

Peak HEATiai-C^ATHODE Voltage: 

Heater mn^tive with respect to cathode 180 ituae yt^ts 

Heater positive with respect to cathode ' 180°max voltft 

Typical Operation: 

In accompanving balaneed-modvtator circuit using separate excitation* 

Plate Voltage, Each plate 150 volts 

Deflecting-Electrode Voltage, Each eleetrode (Approx.) 25 volts 

Grid-N,o.2 Voltage 175 volts 

Cathode Resistor. 1200 ohmft 

Peak-to-peak AF Deflecting Electrode V<Atage** 2.8 volts - 

Peak-^to-peak RF Grid-Noll VCltage. 10 volts 

I^te Current, Eaeh plate 1.6 mm 
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Grid-No.2 Current -. 

Plate-to-Plate Load Impedance (Approx.) 

Push-Puil, Peak-to-Peak, Double-Sideband Output Voltage 

Carrier Suppression t 

Third-Order Distortiont ■ 

. Pourth-Order Dlstortionf 



0.75 
5000 
4 
60 
-47 
-46 



ma 
ohms 

VOltB 

db 
db 
db 



Maximum Circuit Valuest 

Grid -No. 1 -Circuit Resistance: 

For fixed-bias operation 

JFor eathode-luaa operation 

Xh^ectins-Electrode-Circuit Kesistance, Eadi. 



0.5 max nwiEolim 
2 . 2 max mcvflims 
0.05 TROX- megohm 



Balanced-Modulator Circuit 



PUSH-PULL 
DOUBLE-SIDEBANO 

OUTPUT TO 
SINGLE-SIDEBAND 
FILTER 

o 




CARRIER INPUT 
(250 TO 
5000 KC) 



*250V 



92CS-I0£58 



Ci: 0.001 fif ,. Ri: 

C2 0,22^if " - R'-: 

Ca: 0.001 Ra, 

Cc 0.01 , Rs: 

Ci, Cr. 0.0033 fif Re: 

Ct: O.l ni Rt: 

Cs, Cr. Sufficient to resonate Rs: 

Input of SSB' filter Ur. 

Cio:0.22;.f Rio; 
Cu: 0.47 ut 



0.47 megohm 
1200 ohms ' ' ' 

R4: 68000 ohms 
47000 ohms . . 
12000 ohma 
47000 ohma 
0. 1 megohm 
2700 ohma 

Carrier Balance Potenti- 
ometer, SOOO ohms 



Rn; 2700 ohma 

Rii: Quadrature Balance 

Potentiometer, 2500 ohms 
Ri3, Ru: 2700 ohms 
Ris: 0 . 1 megohm 
NOTE: All resistors U watt, =fclO 
percent, unless specified. All ca- 
paeitors 400 volti. 



Mqximu^ Rotings: BALANCED-MIXER SERVICE 

PiATB-No.i Voltage. , . , , 300 max 

P11ATB-N0.2 Voltage.. :, 300 max 

DEFLECTING-ELECTRODB-NoJ. VOLTAQB..', i. . ,■ "tlOO jnax 

Dbflecting-ElecteopB-No^.VoLTAQB ■ ■. , , ; . . . *100 maz 

Grii>-No.2 Voltage , , , , 250 max 

Plate-No.1 Dissipation , , : 1. 5 max 

Platb-No.2 Dissipation' ■ 1.5 max 

GiiiD-No.2 Input ■. ,, . . 0-.6 max 

PeaK'Heater-Cathode Voltage: 

Heater negative with respect to cathode 180 max 

Heater positive with respect to cathode. 180^ max 

Typical Operation: 

In accompanying balaneed-mixer eireuit uting teparate exeitatioH* 

Plate Voltage, Each plate 150 

Deflectlae-Eilectrode Voltage, Each electrode (Approx.) 25 

Grid-No.2 Voltage 176 



volts 
volts 
volts 
volts 
volta 
watts 
watts 
watt 

volts 
volts 



volts' 
volta- 
volt** 
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Cathode Resistor 

Peak-to-Peak Single-Sideband Deflecting-Electrode 'Voltage**.., 

Peak-to-Peak RP Grid-No.l Voltage ■. . 

Plate Current, Each plate 

Grid-No. 2 Current 

Plate-to-Plate Load Impedance (Approx.) 

PuBh-Pull, Peak-to-Peak, Single-Sideband Output Voltage 

OaciUator Suppressionf 

Third-Order Diatortiont 

Fourtib-Order Dfatortionf 



1200 


ohma 


8 


volts 


10 


volts 


1.5 


ma 


0.75 


ma 


40000 


ohms 


26 


volts 


-40 


db 


-io 


db 


-3d 


db 



Maximum Circuit Values: 

Grid-No.l -Circuit Resistance: 

For fixed-liias operation 

For cathode-bias operation 

Deflectinn-Electrode-Cireuit Rcsiatanc-e, Each 



0 . 5 max megohm 
2 2 max megohms 
0 . 05 7n(Kf megohm 



Balanced-Mixer Circuit 




SIDEBAND ; 
INPUT 

: o 



O»2S0V 



CiiO.OOl^f 
Ci: 0.04 /if 
Cs, C*: O.OOl Mf 
Ci: 0.04 >if 



Li: Inductor 

Ri: .0 . 47 megohm 

lU: 1200 ohma 

Rs, U.C 68000 ohms 



Ci:Split-Stator Tuning Capacitor Ry. 0.1 megohm 
to Resonate with Li Ri: 12000 ohma 



Ct, Cb: 0.04 nf 



ometer, 5000 ohms 
Rs: 0.1 megc>hm ' 
.R», Rio: 2700 ohma 
Ti: Tuned Input Transformer 
NOTE: AU resiators, watt, =t 10 
percent unless apecified; all ca- 



Kt: (tecBlator Rejection Potenti-"padtorB-OTO' vfdts 



°Tlfe dc component must oat ejcceed 100 yolts. 

*Ol>eration wlt^ seif-excltalaon snd cathode j^aistor of SOO ohma is similar to operation with sepftnte 
excitation^ * •. 

** To either electrode; the other electrodeis bypassed. ^ 
fReferred to single-sideband output voltage. 

OPERATING CONSIDERATIONS 

Outline 9, Outlines Section. Tube requires riiimature iiine^contact socket and 
may be operated in any position. To avoid excessive distortion, the plate voltage 
must be sufficiently high so that the instantaneous plate-voltage excursion does not 
enter the knee region of the tube characteristic where the grid-No. 2 current in- 
creases rapidly. A deflecting-electrode voltage' in the range of 20 to 36 volts for 
each tetrode is satisfactory for most applicatibns. Some means should be provided 
for varying one of the defiecting-electrode voltages for balancing purposes. The 
balance control should allow the positive de bias voltage to vary approximately 
*10 per cent about the mean value. To minimize distortion, the peak signal voltage 
applied-to grid No.l should be smaller than thfe grid-rNo.l bias voltage so that the 
instantaneous grid-No.l voltage never reaches zero. 

Deflecting-electrode-circuit resistance should be kept below 50000 ohms to 
prevent nonlinear tube operation. The resistances of the two deflecting-electrode 
circuits should be approximately equal to minimize unbalance. The current drawn 
fey ea^h deflecting-electrode is in the order of 40 microamperes. 
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AVERAGE CHARACTERISTICS 

— I 1 \ > I II 

TYPE 7360 

Ef-6.3VOLTS ; - 

PLATE VOLTS = 150 ' - 

. (PLATES CONNECTED TOGETHER) - 
DEFLECTING- ELECTRODE VOLTS* 25 
(DEFLECTING E1£CTR0DE5 _ 
CONNECTED TOGETHER) ^ 




10000 
8000 
6000 
4000 
2000 



I 

111'"' 

a dy 



-6 -5 -4 -3 -2 -I 
GRIO-NO. i VOLTS 

92C$-IO280T2 

AVERAGE CHARACTERtSTICS 



— I 1 1 1 1 J— 

TYPE 7360 

.Ef- 6.3 VOLTS 

PLATE-No.1 V0LTS = 150 

PLATE-No.2 V0LTS=I50 
■ DEFLECTING-ELECTRODE- 
No.l VOLTS = 25 

DEFLECTING -ELECTRODE- 

No.a VOLTS ADJUSTED TO GIVE 
EQUAL PLATE CURRENTS. 




1200 
1000 
800 
600 
400 
ZOO 



I w 

UJ u oO 

UJ tn OS 
_ in O o 

~ ' 5" 



-6 -5 -4 -3 -2 -I 

enio-Na I yoLTS 

92CS- 10249X1 



Magnetic fields adversely 
affect the intrinsic operating 
plate-current balance of the 
7360. Although this tube is in- 
ternally shielded to minimize 
this effect, the tube should be 
mounted as far as possible from 
all devices producing extrane- 
ous magnetic fields such as 
transformers, chok^, motors, 
or similar components. It is rec- 
ommended that an external 
shield be used in those applica- 
tions critical for balance. 

Chassis layout should be 
such that all components and 
wiring associated with the 
plates and deflecting electrodes 
are symmetrical. This consid- 
eration is particularly impor- 
tant in rf applications where 
very small differences in stray 
capacitance can result in un- 
balance. Chassis layouts which 
permit heat or vibration to af- 
fect the components associated 
with one deflecting-electrode 
circuit or plate circuit more 
than the other should be 
avoided. All components 
. should be rigidly mounted. 



AVERAGE CHARACTERISTICS 



OPERATION CHARACTERISTICS 



TYPE 7360 
Ef>6,3 VOLTS 
PLATE-No.l VOLTS'150 
PLATE-NO.Z V0LTS = I50 
DEFLECT ING- ELECTRODE - 

No. 2 VOLTS '25 
GR1D-Na2 VOLTS'175 
It,,' DC PLATE-No,l CUflftENT 
lOj'DC PLATE-No.2 CDRRENT 




« ' 
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a 1 



14 12 10 8 6 4 2 0 

PLATE IMXIAMPERES 

S2CM-I0Z52T2 



lYPE 7360 
i. 3 VOLTS 



Ef -6. 

PLATE- No. t VOLTS- 150 
PLATE- No. 2 VOLTS = 150 
DEFLECTING - ELECTRODE - 

No. 2 VOLTS = 25 
GRID- No. 2 VOLTS =175 
Ij,,* AC PLATE - No. I CURRENT 

ibj'AC PLATE- Na2CURRENT 




8 6 4 



-8 



2 0-2-4 -6 
INSTANTANEOUS 
AC PLATE MILLIAMPERES 

92CM-I0264TZ 
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20 
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UJ 
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-20 ~ 
-29 
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AVERAGE CHARACTERISTICS 



TYPE 7360 
Ef6.3vOLTS 
— PLATES CONNECTED TOGETHER. 
DEFLECTING- ELECTRODE VOLTS'25 
'(DEFLECTING ELECTRODES 




0 » 100 190 200 250 MO 

PLATE VDLTS ■ 92CM-I0Z53TI 




7457 



BEAM POWER TUBE 

Small, rugged, uht, forced-air, 
cooled, heater-cathode, cermolox type 
used as af power amplifier and modu- 
lator, and as rf power amplifier and os- 
cillator in compact mobile and fixed 
equipment where dependable performance under severe shock and vibration is es- 
sential. Useful at frequencies up to 2000 Mc and l>eyond. Class C Telegraphy max- 
imum plate dissipation, CCS 115 watts. May be operated in any position. Out- 
line 78, Outlines Section. Except for special ratings and performance data, in- 
ternal construction, and minor differences in general characteristics as shown be- 
low, the 7457 is identical with type 6816. Tube has matrix cathode. 



Heathr Voltagr (ac/dc)" 6.8 volt* 

Heater Current 8.2 ampereB 

Heating Time, Minimum 60 seconds 

Mu Factor' 18 

Direct Xnterelectrode Capacitances:* 6 

Grid No.l to plate - 0 . 065 max w»f 

Grid No.l to cathode and heater ' 14 nnt 

Plate to cathode and heater 0.019 max it/xt 

Grid No.l to grid No.2 19 uttt 

Grid No.2 to plate 4.5 nnt 

Grid No.2 to cathode and heater 1.3 max nnt 



^Because the cathode is subjected to conBiderable back bombardment as the frequency is increased with 
resultant increase in temperature, the heater voltage should be reduced depending on opera^g eondi- 
tiona and frequency to prevent overheating the cathode and resultant short life. 
*For plate volts, 250; gnd-No.2 volts, 250; plate nuu, 100. 
'Measured with special shield adapter. 



TUNABLE OSCILLATOR 
TRIODE 

Heater-cathode, pencil type Kav- C O ^ 
ing integral resonators; used as uhf / 3wO 
oscillator in radiosonde equipment. 
Tunable at frequencies between 1660 
and 1700 Mc. May be used at ambient 
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temperatures ranging from -55 to +75*C. UHF 03Giliat<» maximum plate 

pation, 3.6 watts. 

Heater Voltage Range (ac/dc) 5 . 2 t.o 6 . 6t volts 

Heater Cukrent at 6 volts 0 16 ampere 

Frequency (Approx.) - 1680° Mc 

Tuning Range 1660 to 1700 Mc 

RF Coaxial Output Terminal: Characteristic impedance (Approx.) 60 ohms 

Tuning Screws (2): 

Maximum Torque (Absolute) at tunine-range stops 6.6 oe-in. 

Maximum Ratings: "HF OSCILLATOR-Closs C 

At frcqiieneiea between 1660 and 1700 Mc and altUudes (tjj to 100.000 feet 

DC Plate-To-Gbid Voltage 130 jnax volts 

DC Plate Current max ma 

DC Grid Current 8 max ma 

Plate I NT UT i max watts 

Plate Dissipation 3.6 viax watts 

Ambibnt-Tempebatubb Banqb -55 to +75 *C 

As eathode-driver oseiUator at freqaeney of 

Typical Operation: 1660 Me 1680 Me 1700 Me 

Heater Voltage 6 S 6 volts 

DC Plate-to-Grid Voltage 124.5 12-1 12;i volts 

DC Cathode-to-Grid Voltage 7.5 6.75 6 volts 

From grid resistor of 1500 1500 1500 ohms 

DC Cathode Current 83 81.5 32 ma' 

DC Grid Current 5 4.5 6 ma 

tTseful Power Output (Approx.) 575 575 475 mw 

Circuit Values: 

Grid-Circuit RGsistance, maximum 2400 ohms 

Grid-Circuit Resistance, minimum 1300 ohma 

t This range of heater voltage is for radiosonde applications in whieh ihe heater is supplied from bat- 
teries and in which the equipment design requirements of minimum size, light weight, and high effi- 
ciency are the primary considerations even though the average life expectancy of the 7633 in such serv- 
ieeia only a few hours. 

^As supplied, tubes are adjusted to 1680 >i-4 Mc. 

OPERATING CONSIDERATIONS 

Type 7533 may be operated in any position. Outlike 75, Outlines Section. The 
flexible heater leads of the 7533 may be soldered to the circuit elements, but not 
closer than M-inch from the surface of the glass button. Otherwise the heat of the 
soldering operation may crack the glass button and damage the tube. 

Support for the 7533 should be provided by a suitable clamp around the metal 
shell of the tube, preferably in the indicated zone shown on the dimensional outline. 
Care must be taken to avoid clamping so tightly as to cause distortion of the resona- 
tor cavity with resultant change in operating frequency. Connections to the grid 
terminal and to the plate terminal should be made by means of spring contacts only. 
Under no circumstances should connections be soldered to these terminals. 

Accurate frequency adjustment in the 1660-to-1700 Mc operating range, to- 
gether with minimum frequency drift, may be obtained by using both tuning 
screws. Alternately turn each timing screw not more than one-half turn at a time, 
in a clockwise direction, to lower the frequency. Repeat this procedure until the 
desired lower frequency adjustment is reached. To reach a higher frequency, follow 
the same procedure except that the tuning screws are turned in a counterclockwise 
direction. 

BEAM POWER TUBE 

Miniature, heater-cathode type 
/ 3 I used in mobile communications equip- 

ment operating from 12-v(At storage 
battery systems. Used in rf amplifier, 
oscillator, and frequency multiplier 
service at frequencies up to 176 Mc; also used in modulator and af power-amplifier 
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applications. During mantifactiure, the 7651 is subjected to special controls and tests 

for heater-cycling, heater-cathode leakage, interelectrode leakage, low-frequency- 
vibration performance, 500-hour intermittent life performance, and intermittent 
shorts. 

Heater Voltage Range 12 to 16 volta 

Heater Current, at 13.5 volts 0.88 ampere 

Direct Intbrblectbodb Capacitamgbs:^ 

Grid No.l to Plate , O.lSmox md 

Grid No.l to Cathode* Heater, Grid No.8, and Grid No.2 10 nd 

Plate to Cathode, Heater, Grid No.8, and Grid No.2 6.6 

Without external shield. 
Characteristics, Class Ai Ampliflerf wHh 13.5 Volts on H«ater; 

Plate Vottase 250 volta 

Grid No.3 Conoected to cathode at aocket 

Grld-No.2 Voltage 250 volts 

Grid-No.l Voltage -18 volts 

Mu-Factor, Grid No.2 to Grid No.1 8.7 

Transconductanco 5300 /imhoa 

Plate Current - 40 ma 

Gri(i-No.2 Current 8 ma 

AF POWER AMPLIFIER AND MODULATOR— Class ABj 
Maximum CCS RotingSi 

DC Plate Voltage ZOO max volts 

Grid No.3 Connect to cathode at socket 

DC Grh>-No.2 Voltage 250 mox volts 

Maximum-Signal DC Plate Current* 70 max ina 

Maximum-Signal Platb Input" 21 maa; vatta 

Maximum-Signal Grid-No.2 Input" 2 max watta 

Plate Dissipation' 10 mas watts 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 100 max volts 

Heater positive with respect to cathode 100 max volts 

$M TBupffitATUBB (At hottest point) 225 max *C 

Typical CCS Push-Pull Operation With 13.5 Volts on Heaten 

Values are for two tubes 

DC Plate Voltage 300 volts 

Grid No.3 Connected to cathode at socket 

DC Grid-No. 2 Voltage* 250 volts 

DC Grid-No.l Voltage* : -21 volta 

Soak^AF Grid-No. 1-to-Grid-No.l VotUge 40 volta 

jMcHSignal DC Plate Current 40 tna 

Maximum-Sigoal DC Plate Ciirrent 125 ma 

Zero-Signal DC Grid-No.2 Current 2 ma 

Maximum-Signal DC Grid-No.2 Current 14 ma 

Effective Load Resistance (Plate to plate) 6000 ohms 

Maximum-Signal Driving Power 0 watta 

Total Harmonic Distortion 5 per cent 

Maximum-Signal Power Output (Approx.) 20.6 watts 

Moximum Circuit Values: 

Grid-No.l-CIrcuit Resistance 0.1 max xoegohm 

RF POWER AMPURER AND OSCILLATOR— Class C Tal«graphy 

and 

RF POWER AMPUFIER— Class C FM Talephony 

i. . o !• At frequencies up to 175 Me 

Maximum Ratings: CCS ICAS 

DC Plate Voltage 300 max 800 max volta 

Gbid No.3 Connect to cathode at aocket 

DC Grid-No.2 Voltage 250 max 250 max volts 

DC Ghio-No.I Voltage -125 max -125 max volta 

DC Plate Cukkent 70 max 80 max ma 

DC GRID-NO.2 CURBBNT la max lo max ma 

DC Geid-No.1 Current 5 max 5 max ma 

Flats Input 21 max 24 max watts 

Obid-No.2 Input. 2 max 2 max watts 
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Plate Uissifatiom 

Peak Heateb-Cathode Voltage: 

Heater negative with respect to cathode. 

Heater pDsitive with respect to cathode". . 
Bulb TEMi"ERATuaB (At hottest point) 



10 max 



12 max 



watts 



Typical Operation With 13.5 Volts on Heater: 

DC Plate Voltage 

Grid No.3 

DC Grid-No.2 Voltage" 

DC Grid-No.l Voltage*. 

Peak RP Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Griii-No.l Current (Apprnx.) 

Driver Power Output (Approx.)** 

Useful Power Output (Approx.)t 





100 max 


100 max 


volta 




100 max 


100 max 


volts 




225 max 


225 max 


"C 




As avivhfier at 1 75 Mc 






CCS 


WAS 




250 


300 


300 


volts. 




Connected to cathode at socket 


200 


200 


250 


volts 


-40. 


-48 


-56 


volts 


47 


52 


62 


volts 


60 


70 


ao 


ma 


3.7 


3.7 


5. I 


ma 


1.5 


2.1 


i.fi 


ma 


1 


1 


1.5 


watts 


6.5 


8.5 


10 


watta 



Maximum Circuit Values:. 
Grid-No.l-Circuit Resistance 



0.1 max 0.1 max megohm 

PLAT»-MODUlATED RF POWER AMPLIFIER— Clasf C Telephony 



Maximum Ratings: 

DC Plate Voltage 

Grid No.3 

DC Grid-No.2 Voltage 

DC Gkid-No.1 Voltage. ................ 

DC Plate Curhent 

DC Gkid-No.2 Current, 

DC Gkid-NO.1 CilHRBINT. 

Platk Input '. 

Gkiu-No.2 Input 

Plate Dissu'ation 

Peak Hbat£b-Cathooe Voltage: 

Heater negative- with respect to cathode. 

Heater iKwitive with respect to cathode . 
Bulb TauprntATUBS (At hottest point) . . . . 



CCS 


WAS 




250 max 


250 max 


volts 


Connect to cathode at socket 


250 max 


250 max 


volts 


-126 max 


-125 max 


volts 


60 max 


70 max 


ma 


10 max 


10 max 


ma 


5 max 


5 max 


ma 


15 max 


17. 5 max 


watts 


1 . 4 max 


1 , 4 max 


watta 


7 max 


8 max 


watts 


100 max 


100 max 


volts 


100 max 


100 max 


volts 


225 max 


226 max 





Typical Operation with 13.5 Volts on Heaten 

At 175 Me 

DC Plate Voltage 

Grid No.3 

DC Grid-No.2 Voltage'. . . 

DC Grid-No.l Voltage'*. 

From a grid-No. 1 re. 9 is tor of 

RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current . . 

DC Grid-No.l Current (Approx.) . , 

Driving Power (Approx.)** 

Useful Power Output t 



Maximum Circuit Valuesi ' 
Grid-No.l-Cireuit Resiatance. 



FREQUa^CY MULnniER 

Maximum Ratings: 

DC PMTE VOLTAGB ; 

Grid No.3 

DC Grid-No.2 Voltage. , 

DC Grid-No.1 Voltage 

DC Plate Current 

DC Grid-No.2 Current : 

DC Grid-No.1 Curbbnt ." 

Plate Input ; 

Gkid-No.2 Input , 

Plate Dissipation 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 

Hesttt podtive with rsipect to cathode 



CCS 


WAS 






260 


volts 




260 


250 


volts 


-70 


-75 


volts 


83000 


33000 


ohms 


75 


80 


volts 


60 


70 


ma 


2.5 


3 


ma 


2,1 


2.3 


ma^ 


I 


1 


watt: 


6.6 


7.8 


wat^- 


0.1 max 


0.1 max 


megohm 


CCS 


WAS 




SOO max 


300 max 


volts 


Connect to cathode at socket 


250 max 


250 max 


vcdts 


-125 max 


-126 max 


volts 


50 max 


60 max 


ma 


15 max 


15 viax 


ma 


5 max 


5 max 


ma 


13 max 


15 max 


watts 


2 max 


2 max 


watts 


10 max 


12 max 


watts 


100 max 


100 max 


volts 


100 nuat 


100 max 


voltp 
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Bulb Tehpebaturb (At hotteat point) 225 max 225 max «C 

Typical Operption With 13.5 Volts on Heater: As doubler to 175 Mc 

DC Plate Voltage 250 800 volte 

Grid No.3 Connected to cathode at socket 

DC Grid-No.2 Voltage 200 260 volts 

DC Grid-No. 1 Voltage* -68 -66 volte 

From a grid-No.l resistor of 53000 44000 ohms 

Peak RF Grid-No.l Voltage 60 74 volte 

DC Plate Current 50 60 ma 

DC Grid-No.2 Current 2.6 3,5 ma 

DC Grid-No.l Current (Approx.) 1 1.5 

DrivingPower (Approx.)** 0.4 0.6 watt 

Useful PoTiwr Output! 3 4.5 watte 

As tripler io 173 Mc 

DC Plate Voltage 200 250 volts 

Grid No.3 Connected to cathode at socket 

DC Grid-No.2 Voltage 200 260 volts 

DC Grid-No.l Voltage -90 -120 volts 

From a grid-No.l resistor of 50000 70000 ohms 

Peak RF Grid-No.l Voltage 105 180 volte 

DC Plate Current 50 - 60 ma 

DC Grid-No.2 Current , 8 8.9 ma 

DC Grid-No.l Current (Approx.) 1,85 1.7 ma 

Driving Power (Approx.)** 0,4 0.6 watt 

Useful Power Outputf 1,4 2.8 watte 

Maximum Circuit Values: 

Grid-No.l-Circuit P.esiatance 0.1 m<Mt 0,1 max megohm 

■ Averaged over any audio-frequency cycle of sine-wave form. 

* Obtained preferably from a fixed supply. 

° Obtained preferably from a separate source or from the plate-voltage supply with a voltage divider. 
If a series resistor is used, it should be adjustable to pemdt obtaiaing the desired operating plate current 
after initial tuning adjustmente are completed. 

* Obtained from a grid-No.l resistor or from a combination of grid-No.l resistor with either fixed supply 
or cathode resistor. 

♦* Driver stage is required to supply tube losses and rf circuit losses. The driver stage should be designed 
to provide an excess of power above the indicated values to take care of variations in line voltage, com- 
ponents, initial tube characteristics, and tube characteristics during life, 
t Measured at load. 

* Obtained preferably from a separate source modulated along with the plate supply, or from the modu- 
lated plate supply through a series resistor. It is recommended that this resistor be adjustable to permit 
obtaining the desired operating plate current after initial tuning adjustments are made. 

** Obtained from a grid-No.l resistor or from a combination of grid-No.l resistor with either fixed sup- 
gly.or cathode resistor. The combination of grid resistor and fixed supply has the advantage of not only 

^^cting the tube from damage through loss of excitation but also of miodmizhig distortion by bias- 

Impply compensation, 

AVERAGE CHARACTERISTICS 




200 



300 400 
PLATE VOLTS 



tiCM-l0304r 
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OPERATING CONSIDERATIONS 



Type 7551 requires Miniature nine-contact socket and may be operated in any 
position. Outline 9, Ouilines Section. 

Shielding of the 7551 in straight-through rf amplifier service is required for 
stable operation. To minimize external feedback from the plate to grid No.l, a 
grounded shield crossing the terminal end of the tube socket through the space be- 
tween pins 2 and 3 and the space between pins "8 and 9, is generally adequate for this 
purpose. 

The heater may be effectively bypassed by grounding one heater pin at the 
tube socket and by passing the other heater pin to ground with a low inductance 
capacitor. To reduce degeneration in the cathode circuit, two base-pin connections 
(pins 1 and 9) are provided. The cathode circuit shoiUd be.arranged so that the in-- 
put ac current flows through one cathode connection and the output ac current 
flows through the other. This circuit arrangement will reduce the effect of the 
cathode lead inductance. Both cathode circuit returns should be grounded through 
the shortest possible connection. 

The rf impedance between grid No.2 and the cathode must be kept low, usually 
by means of a suitable bypass capacitor. In telephony service when grid No.2 is 

modulated, a smaller bypass capacitor 



AVERAGE CHARACTERISTICS, 



I2& 



□ 20 
= .5 



; 1 1 I I I I 

TYPE 7551 
Ef6.3 VOLTS 

GRlb-No.3 CONNKTED TO CATHODE 
AT SOCKET. 

GRI0-Na2 V0LTS«250 —\ 



10 




100 



200 
PLATE VOLTS 



300 

92CS-I0307T 



than is used for telegraphy service may be 
required to avoid excessive af bypassing. 
However, if the capacitance value is too 
small, rf feedback may occur between 
plate and grid No.l, depending on the cir- 
cuit layout, operating frequency, and 
powergain of the stage. AFbypassing diffi- 
culties can usually be eliminated if the 
grid-No.2 bypass capacitor is replaced by 
a series-resonant circuit which is tuned to 
resonate at the operating frequency. This 
circuit presents a high impedance to audio 
frequencies but a very low impedance to 
its resonant frequency. 
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HIGH-MU TRIODE 

Heater-cathode, ceramic-metal, 
pencil type tised as a low-noise ampli- 
fier in receiver applications up to 1500 
Mc. It is also useful in applications 
requiring fast warm-up time and in 
equipment where dependable service under severe environmental conditions and 
long life are essential. 

Heater Voltage (ac/dc) 

Heater Cukrent at 6.3 volts !''.!."!.".'.*!! 

Cathode Warm-Up Time (Average, to reach 80% of operating plate cur- 
rent: for heater volts, 6.3; dc plate supply voita, 80; dc grid volts, 0; 

cathode resiiitor, 0 obnu, load resistor, 10 ohms) 

Di$BCT Intbbblectbodb Capacitances: 

Grid to plate , , 

Grid to cathode and heater 

Plate to cathode and heater .* 

Heater to cathode 

Cathode to plate 

Cathode to grid and heater 

Plate to grid and heater 

Plate Sbal Tbhperaturb '. 



6.3 


volts 


0.225 


ampere 


10 


seconds 


2.4 . 




4.4 




0.04 max 




2.6 


Hid 


0.04 max 




7 


ttjd 


2.0 


^id 


225 mas 
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Characteristics, Class At Ampttflert - ' ' 

Plate Voltage • . ■ ^ ., .- ,. . • 125 volta 

Cathode Resiator. .'. T. ; BO ohma 

Amplification Factor 80 

Plate Resistaiice (Approx.) ■.. ■ ■ 6000 ohms 

Transeonductance ...... 13500 >ttuhoB 

Plate Qunsnt. , . , 18 ma 

RF AMPLIFIER— Cldsi Ai 

Maximum CCS Ratingi: For altitudes up to 100.000 feet and frequencies up to 1500 Me 

DC Plate Voltage 250 mor volts 

DC Gkid Voltage -50 max volts 

DC Platb Cubsbnt. ; . . . 25 max ma 

PLATB DiaaiPATioM 2.5 max watts 

Peak Heateib-CAthodb VoL/TAGS: 

' Heater negative -with respect to cathode.-. .. , -60 max volta 

Heater positive with rMpeet to cathode 60 max ~ volts 

T ■ I ^^c ^ I ^ .1. J fM i-t ■ At 560 Me At 1100 Me.. 

Typical CCS Operation In Cothodo-Drlvo CIrcuittt „nh S Me Bandwidth with 10 Mc Bandwidth 

DC Plate-to-Grid Voltage 125 150 volts 

Cathode Reaiator i 50 50 ohms 

Input Signal Level Range *. " -70 to -20 -70 to -20 dbm 

DC Plate Current i 13 18.5 ma 

PowerGain ............ . 16.6 16 db 

Noise Figiire. 6.6 ia;6 db 

Maximum Circuit Valuest 
<xiid-<?ircuit Resistance: 

■ .For fixed-bias operation.'. . V .... .' .....1:. . ..Not rjBcommended 

For cathode>bias operation w 0.25 max -'megohm 

O'PERATtNG CONSIDERATIONS 

Type 7552 may be operated in any position. Outline 68, Outlines Section. 
Connections to the cathode cyUnder, grid flange, and plate cylinder should be made 
by flexible spring contacts. The connectors should mske flniii large-surface contact, 
yet must be sufliciently fl^ble to insiire that no part of the tube is subjected to 
excessive strain. , , - ■ 

The cathode should preferably be connected to one side of the heater. Whrai^ 
in some circuit designs, the heater is not connected directly to the cathode, pre- 
cautions must be taken to hold the peak heater-cathode voltage within the maxi- 
mum rated values. For curve of average plate characteristics in cathode-drive 
service, refer to type 7553. 



CAIN CHARACTERISTICS 
CATHODE- DRIVE SERVICE 



— 1 ' 1 .1 . 1 .* 1 K . 

TYPE 7552 
-Ef "6.3 VOLTS 
PLATE-TO-GRID SUPPLY 

VOLTS -125 
CATHODE RESISTOR (0HMS1»50 
INPUT-SIGNAL LEVEL 
(dbm)*- 70 



24 
22 
20 
18 
16 
14 
12 

10 _ 
390 




990 750 9S0 
FREQUENCY- Mc 

92C»-1021in 



NOtSE FIGURE CHARACTERISTIC 

CATHODE DRIVE-SERVICE 



TYPE 7552 
_E(-6.3 VOLTS 
PLATE-TO-GRID SUPPLY V0LTS«t25 
CATHODE RESISTOR (0HMS)*S0 
-BANDWIDTH TUc)>IO 



o 10 



•a e 



T- 




400 600 UOO 1000 

FREOUENCY-Me 

92CS-I0270T2 
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HIGH-MU TRIODE 

"T C n O Heater-cathode, ceramic-metal, 

/ D O O pencil type used as a low-noise ampli- 

fier in receiver applications up to 1500 
Mc. It is also useful in applications 
requiring fast warm-up time and in 
equipment where dependable service under severe environmental conditions and 
long life are essential. The 7553 is similar to type 7552, but has superior performance 
and environmental features. Type 7553 may be operated in any position. Out- 
line 68, Outlines Section; For otlier considerations, refer to type 7552, 

ITkatek Voltage (ac/dc) ' ' 6.3 volts 

HiiATiiR CURRKNT at 6.3 volts 0.225 ampert 

Cathode Warm-Up TiBdB to reach 80% of operating plate currentf JO max seconds 

DiRtxT Interelectbodb Capacitamcbs4 

Grid to plute 2.4 nt^t 

Grid to cathode and heater 4 .4 ^^f 

Plate to cathode and heater 0 . 03 max tiixi 

Heater to cathode 2.6 ^nf 

Cathode to plat© .'. 0. 03 maa M 

Cathode to and heater 7 

I^ate to grid and heater '.' 2.4 fifd 

Plate Seal T^cpbraturb. , 225 max ®C 

tFor heater Tolts, 6.3; dc plate Tolt8«80; 'dc grid volts, 0; cathode resistor, 0 ohms. 
t Without external shield. 

AVERAGE PLATE CHARACTERISTICS 

CATHODE -ORIVE SERVICE 
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SSCM-I049BT 



NOtSE FIGURE CHARACTERISTICS 
CATHODE DRIVE-SERVICG 



TYPE 7 
Ef = 6.3 \ 
PtATE-T 
CAT HOD 


553 

/OLTS 

0-GRlO SUPPLY VOLTS-125 
I RESISTOR (0HMSJ«50 
































































FAEQUENCY-Me 



9203-1049912 



GAIN CHARACTERISTICS 
CATHODE- DRIVE SEfl.yiQE 

—I 1 1 — r 1 1 — rr 

TYPE 7 553 

Ef= 6.3 VOLTS 

PLATE-TO-GRIO SUPPLY VOLTS-I 
CATHODE RESISTOR (OHMS) •50 
INPUT- SIGNAL LEVEL (<Jbm)"-TOI 



Z5 



r i \o 



20 



2S6 



; 18 

I 
I 

. 14 
12 
K) 

400 900 600 700 600 900 1000 
FREQUENCY -Mc 

9KS-I045STI 



Charocteristics, Class A] Amplifier! 

Plate V.iltage 

Cathode Rt'siKt.ur > 

AmpHlicatiun Facti^r 

Plate RsHistance (Approx.) 

Transcuiiductancc 

Plate Current 



125 
50 
SO 
6150 
18000 
12.5 



RF AMPLIFIER 

Maximum CCS Ratings: 

DC Platk Voltace 

DC Grid Voltage 

DC Plate Curkent 

Plate Dissh-ation 

Peak Heater-Cathode Vultaoe: 

Heater negative with respect to cathode 
Heater poaitiTe with respect to cathode. 



-Class Ai 



For aUitudee up to 100,000 fe^ aiid frequetwi^ up to 1500 Me 

250 max 

-50 nua 

25 max 

2.5 mas 



60 max 
50 max 



Typical CCS Operation In Cathode-Drive Circuit: 



At BSO Me At 1100 Me 



DC Plate-to-Grid Voltage 125 

Cathode Resistor , ,50 

Input-Signal Levd Range -70to^0 

DC Plate Current .12.6 

Power Gain for bandwidth of: 

4 Mo ,.. 

5 Mc 16.6 

8 Me ; 

Noise Figure 6.6 

Maximum Circuit Values: 

Grid-Circuit llesistance: 

Fur tixed-biaa npt^i'Lition ^ • < 

For cathode-bias operation •. . . . . i 



150 
. 60 
-70 to -20 
14- 



20 

18 
11.6 



volts 
ohms 

ohms 
ffinhos 
ma 



volts 
volts 
ma 
watts 

TOltS 

volts 



volts 
ohms 

ma 

db 
db 
db 
db 



. Not recommended 
0.26 was megohm 
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HIGH-MU TRIODE 

Heater-cathode, ceramic-metal, 
pencil type used as rf amplifier, oscil- 
lator, and multiplier in airborne equip- 
ment up to 100,000 feet without pres- 
surization and where dependable per- 
formance under severe shock and vibration is essential. Useful with full input at 
frequencies up to 5000 Mc. Class C Telegraphy maximum plate dissipation, CCS 
2.5 watte. ' ' ' 

Heater Voltage (ac/dc) 

Heater Curhbmt at 6.3 volts ,. 

Cathode Warm-Up Time to rearh 80% of bperating plate currentf 

Direct Intekblectroub Capacitances :{ 

Grid to piste 

Grid to cathode and heater . • - 

Plate to cathode and heater « 

Heater to cathode. . • 

Cathode to plate ■ 

Cathode to grid and heater 

Plate to grid and heater 

Platb-Sbal Tbmpbratube 

t For heater volts, 6.8; de {Hate volts, 80; grid volts, 0; cathode resistor, 0 ohms; 
i ^l^out exttfnal Shield. 

Oiaracteristics, Closs Ai Amplifien 

Plate Voltage v • • • 

Cathode Resistor < .»•• 

Amplification Factor. J...'.... 

Plate Resistance (Approot.), 



6.3 


volte 


0.225 


ampere 


10 


seconds 


2.4 


lUtt 


4.4 




.0.04 max 




2.6 


■ ttfii 


0.04 max ' 




7 


Mtf 


2 4 


Hid 


225 max 


•C 



load resistor, 10 ohms. 



i 126 

60 

^ 7© 

4400 

Transconductance 16000 

Plate Gurrent.i .'. .'.'.'-'i- * •••• • •• 1* 



• vidta 
oktas 

ohms 
jimhos 
ma 
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8F POWER AMPUFIER AND OSOLUtOR— Class C TelegrqpKy - , 

and ' . ^ 

RF POWER AMPLIFIER— Class C FM Telephony .\ r 

At frequmusies up to SOOO Me and aUUudeK Between 

„ Up to 80,000 and 

Maximum CCS Ratings: 80,000 feet 100,000 feet 

DC Plate Voltage 250 max 200 max volts 

DC Grid Voltage -50 mux -50 maa; volts 

DC Cathode CuBHiiNT 2S max 25 max ma 

DC Grid Current 6 max 6 max ma 

Flats Dissipation 2^5 max 2.6 max watts 

Fbak Hbater-Cathode Voltage: ' . 

Heater negative with respect to cathode 60 max '. \ SP moa; ~ volts 

Heater positive with respect to cathode 50 max 60 miuc volts ^ 

Typical CCS Operation In Cathode-Drive Circuit: 

Ai oecillatoT 

At At At At Ai 

500 1 000 2000 SOOO Jfl 50 

Me Mc Mc Mc Mc 

DC-PIate-to-Grid Voltage 205 203 151 125 200 volts 

DC Cathode-to-Grid Voltage : 6 3 1 0.1 0.26 volte 

From a grid resistor of 1000 600 250 500 130 ohms 

DC Cathode Current . . . . ; 21 24 24 20 28 ma 

i>C Grid Cunent. ! ' 6 .6 4 0.2 2 ' ma 

17se&l Power Oa^t (Approx.) 1.6 1,8 0.5 0.15 0.1 watts 

A».<mpUJUr At At 

. ■■' ■ 500 Mc 1000 Mc 

DC Plate-to-Grid Voltage .' 204 186 volts 

DC Cathode-to-Grid Voltage ; 4 10 volts 

From a grid resistor of 800 2000 ohms 

DC Cathode Current - 21 24 ■ ma 

DC Grid Current 6 5 ma 

Driver Power Output (Approx.) 0.2 0.2 watt 

Useful Power Output (Approx.) 2.2 1.4 watts 

Maximum Circuit Valuest 

Grid-Circuit Beaistance O.^brndx megohm 

FREQUENCY DOUBLER— Class C 

Al fre0teneiea itp to tOOO Mvond aUUudet: Between 

„ ■ Up to 80,000 and 

Maximum CCS Rotingsj ' 80,000 feet 100,000 fet;t 

DC Plate Voltage .- 250 maa: 200 max volts 

DC Grid Voltage .'. . . -50 max -50 max volts 

DC Cathode Current ■. . .\ 22 max 22 viax ma 

DC Grid Current ■ 6 tnax 6 max ma 

Plate Dissipation 2.5 vtax 2.5 max watts 

Typical CCS Operation In Cathode-Drive Circuit: ^ 

Up la 550 Mc Up to 1000 Mc 

DC Plate-to-Grid Voltage 193 207 218 181 volti 

DC Cathode-to-Grid Voltage 18 7 18 6 volt^i' 

From a grid resistor oi 3600 2300 2600 ' 2000 o^m. 

DC Cathode Curr^it 20 18 21 19 . ma 

DC Grid Current 6 3 6 S ma 

Driver Power Output (Approx.) . : ..; O.ft 0.2 0.8 0.2 watt 

Useful Power Output (Approx.) 1,8 0.75 0.9 0.4 tratts 

Maximum Circuit Values; 

Grid-Circuit Resistance ; 0.25 max megohm 

FREQUeSCYJRIPLER— Class C 

AtfreQUMeia upto SOOif Mp and olMtttdM: Between 

„ ■ ^„ _ . Vpio 80,000 and 

Maximum CCS Ratings; 80,000 feet 100,000 feet 

DC Plate VOLTAGB 250 max 200 maa; volts 

DC Grid Voi;TA(ffi -50 max -60max v<^tB 

DC Cathode Cubkent..... 20 max 20 max ma 

DC Grid Cubrsnt 6 max . 9 nuae ma 

Plato Dissipation. ..^ 2.Smaa; 2.5 max watti 
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Technical Data 



Typical CCS Operation in Cathode-Drive Circuitt Up to 6iS Me 

DC Plate-to-Grid Voltage 202 240 volts 

DC Cathode-to-Grid Vdt^ .27 15 volts 

From a grid resistor of. 9000 . 25000 ohms 

DC Cathode Current " ■ .19 , 13 ma 

DC Grid Current : - 3 - 0.6 ma 

Driver Power Output (Approx.) . 0, 6 0.2 watt 

Uaeful Power Output (A^rox.) 0.7 0.4 watt 

Up to 1000 Mc 

DC Plate-to-Grid Voltage 206 185 volts 

DC Catho(le-to-Grid Voltage 30 10 volts 

From a grid resistor of 10000 14000 ohms 

DC Cathode Current *. 19 12 ma 

DC Grid Current -. 3 0.7 ma 

Driver Power Output (Approx.) ' " ' 0.6 0.2 watt 

Useful Power Output (Apparox.) 0.4 0 . 16 watt 

Maximum Circuit Voluesi 

Grid-Circuit Resistance 0.26 megohm 

OPERATING CONSIDERATIONS 

Type 7554 may , be operated in any position. Outline 68, Outlines Section. 
Connections to the cathode cylinder, grid flange, and plate cylinder should be made 
b3rftexible spring contacts. The connectors should make firmi large-surface contact, 
yet must be sufficiently flexible to insure that no part of the tube is subjected to 

excessive strain. _ 

AVERAGE CHARACTERISTICS 
CATHODE -ORIVE SERVICE 




■|20' 140 ■ 160 
' PLATE-TO-ORS VOLn 



240 260 




BEAM POWER TUBE 



7558 



Miniature, heater-cathode type 
used in fixed-station communications 
equipment; used in Class C rf ampli- 
fier, oscillator, and frequency-midti- 
plier service; also used in modulator 
and af power-amplifier applications. Requires Miniature, nine-contact socket and 
may be operated in any position. Outline 9, Outlines Section. Heater volts, 6.3; 
amperes, 0.8; characteristics range (with 6.3 volts on heater) : heater amperes, 0.745 
min, 0.855 max. Except for heater ratings, the 7558 is electrically identical with 
type 7551; the eharactmstics curves shown for type 7561 also apply to the 755iS. 
sW lDobile ajijHications, use type 7551. 
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BEAM POWER TUBE 



RADIATOR 

'D RING 



7580 



Ceramic-metal, foreed-air-cooled, 
heater-cathode type used as a linear 
rf power amplifier for Single-Sideband 

Suppressed-CarrierandAMTelephoi^ 
service in compact mobile and fixed 
equipment. May be used with full input up to 500 Mc. Maximum plate dissipation 

for either service, CCS 250 watts. 




6 


TOltB 


2.6 


amperes 


80 


seconds 


4 




0.08 


wtf 


17 




4.5 




260 max 


•c 


250 max 


•c 



Heater Voltage (Ac/i>c)t 

Hbater Currbnt at 6 volts. 

Minimum Hbating Time 

Mu-Factob, GaiD No.2 To Gbid No.lt 

DiBBCT iNTERELBCntOOB CAPACITANCES (AppFOX.):* 

Grid No.l to plate 

Grid No.l to cathode, grid No.2, and heater 

Plate to cathode, grid No.2, and heater 

Plate TEMPERATtlBB (Measured on base end of plate surface at junction 

with fins) 

Tempbratubb op Plate Seal, Gkid No.2 Seal, and Basb Sbau 

tPorgrfd-No.2 volts, 300; grid-No.2 ma., 50. 

LINEAR RF POWER AMPLIFIER 
Single-Sideband Suppressed-Carrier Service 
Peak envelo2>e conditions for a sional having a minimum pealc-to-average power ratio of 2 

Maximum CCS Ratings: For altitudes up to 20,000 feel and frequencies up to 500 Me 

DC Plate Voltaob 

DC Gbid-No.2 Voltage 

DC Gbh>-No.1 Voltage 

DC Plate Curbbnt at Peak of £nvblopb 

Plate Dissipation ■. * . , . . 

Gbid-No.2 Input 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode , 

Heater positive with respect to cathode ■ 

Typical CCS Operation with Two-Tone Modulation:* 

DC Plate Voltage . ... . 

DC Grid-No. 2 Voltage° 

DC Grid-No.l: With fixed bias source 

Zero-Signal DC Plate Current. . 

Effective RF Load Resistance 

DC Plate Current: 

Peak envelope j 

Average 

DC Grid-No.2 Current: 

Peak envelope 

Average 

Average DC Grid-No.l Current*. 

Peak-Envelope Driver Power Output (Approx.)* : . . . 

Output-Circuit Efficiency (Approx.) 

Distortion Products Level 

Third order 

Fifth order 

Useful Power Output (Approx.): 

Peak envelope** 

Average** 



2000 max 


v^ts 


500 max 


volts 


-250 maa; 


volts 


850 max" 


ma 


250 max 


watts 


12 max 


watts 


150 inax 


volts 


150 7nax 


volts 



At SO Mc 


At 500 Mc 




2000 


2000 


volts 


400 


400 


volts 


-77 


-77 


volts 


70 


70 


ina 


3060 


8060 


' " ohnu 


350 


850 


ma 


225 


225 


ma 


85 


26 


ma 


16 


10 


ma 


0.05 


0.06 


ma 


1 


12 


watts 


96 


85 


% 


21 




db 


29 




db 


400 


360 


watts 


200 


180 


, watts 



Maximum Circuit Values: 

Grid-No. 1-Circuit Reaistance, Under any condition: 

With fixed bias 

With cathode bias 



25000 mux 



oh ma 



Not recommended 



LINEAR RF POWER AMPUFIER— AM Telephony 
Maximum CCS Ratingsi For altitude* up UitO.OOOfett' and frt^mci^ up to 550 Mc 

PC Plate V(»;rAGB ^ ZOOOmox volts 

OC Grid-No.2 Voltage 500 mai voUb 
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DC Grii>-No.1 Voltage .■.*, -250 imx volts 

DC Plate Current 180 max ma 

Plate Dissipatiom * 250 vtaz watts 

Griu-No.2 Input IZmaz watts 

Grid-No.1 Input 2 max watts 

Peak Heater-Cathodk Voltage: 

Heater negative with respect to cathode 150 max volts 

Heater positive with respect to cathode 150 max volts 

Typical CCS Operation: Ai SO Me At 500 Me 

DC Plate Voltoge 2000 2000 volts 

DC Grid-No.2 Voltage° 400 400 volts 

DC Grid-No.l Voltage: 

With fixed-bias source -77 -77 volts 

DC Plate Current 176 175 ma 

DC Grid-No.2 Current 6 4 ma 

EfTective RF Load Hesistance 8060 3050 ohms 

Driver Powor Output (Approx.)* 0.25 3 watts 

Output-Circuit Efficiency (Approx.) -. , 95 85 per cent 

Useful Power Output (Approx.)** 100 00 watts 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance, Under any condition: 

With fixed bias 25000 max ohms 

With cathode bias Not recommended 

^Because the cathode is subjected to considerable back bombardment as the [requency is increased with 
resultant increase in temperature, the heater voltage should be reduced depending on operating condi- 
tions and frequency to prevent overheating the cathode and resultant short life. 

'*With cylindrical shield JEDEC No.320 surrounding radiator, and with a cylindrical shidd JEDEC 
No^21 surrounding the grid-No.2 ring terminal. Both shields are connected to ground. 
■The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such sa Is 
obtuned in Single-Tone operation, is 250 ma. During short periods of draUt adjustment under Slngte- 
Tone conditions, the aver^ plate current may be as high as 360 ma. 

•Two-Tone Modulation operation refers to that class of amplifier service in which the input consists of two 
equid monofrequency rf signals having constant amplitude. These signals are produced in a sin^e-ride- 
band suppressed-earrier system when two equ^-and-constant amplitude audio f reqvend^s are applied to 
the input of the system. 
^Obtained preferably from a fixed supply. 

'This value represents the approximate grid-Mo.l current obtained due to initial dectron vdodties and 

contact-potential eflfecta when grid No.l ia driven to zero volts at maximum signal. 

^Driver power output represents circuit losses and is the actual power measured at input to grid-No. I 
circuit of the 7580. The actual power required depends on the operating frequency and the circuit used. 
The tube driving power is approximately zero watts. 
ipWithout the use of feedback to enhance linearity. 

**This value of useful power is measured at load of output dreuit having indicated effidiancy , 

TYPICAL PtATE CHARACTERISTICS 



500 



290 




GfllD-Hol VOLTS ECl'O 



-20 



-50 



■ECi-60 



400 
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TYPICAL CHARACTERISTICS 
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
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1 


KOC 




















tooc 

300 
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3C 
























































PLATE VOLTS 
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OPERATING CONSIDERATIONS 

Type 7580 may be operated in any position. Outline 83, Ouiiines Section. It is 
essential that adequate cooling air be directed over the base seals, past the envelope, 
and through the radiator. Under these conditions and with the tube operating at 
maximum plate dissipation for each class of service, a minimum air flow of 3.6 cfm 
must pass through the radiator. The corresponding pressure drop is approximately 
0.1 inch of water. These requirranents are for operation at sea level and at an ambi- 
ent temperature of 20 C. At higher altitudes and ambient temperatures, the air flow 
must be increased to maintain the respective seal temperatures and the plate tem- 
perature within maximum ratings. Less air flow is needed if an air-system socket is 
ucftdta direct the flow of air through the radiator. 
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Technical Data 




BEAM POWER TUBE 

Small, rugged, uhf, forced-air- ^A.Ae% 
cooled, heater-cathode, cermolox type / 649 

usedasrfpulsed-poweramplifierincom- 
pact mobile and fixed equipment where 
dependable performance under severe 
shock and vibration is essential. Useful at frequencies up to 2000 Mc and beyond. 
Plate-and-Screen-Pulsed RF Amplifier maximum average plate dissipation, CCS 
115 watts; maximimi pulse duration, 10 microseconds during any 1000-microsecond 
interval. Tube has matrix-type cathode. 



Heater Voltage (ac/oc) 

Heater Current at 6.3 volts 

Minimum Heating Time 

Mu-Factoh, Grid No.2 to Grid No.1° 

Direct Interelectrods CAPACiTANCESit 

Grid No.l to plate 

Grid No.l to cathode and heater 

Plate to cathode and heater 

Grid No.l to grid No.2 

Grid No.2 to plate 

Grid No.2 to cathode and heater 

TfiBUNAL Tbmperatubb (Hate, grid No.2, grid No.l, cathode, and heater) 

° For plate volta, 1000; gridrNo.^ volta, 500; plate ma., 116. 

GRID-AND-SCREEN-PULSED RF AMPLIFIER 
For mainmum ON tim^ oJlO microseconds 

Maximum CCS Ratings- 
DC Plate Voltage 

Peak Positive Pulse-Grid-No.2 Voltage 

DC Grid-No.1 Voltage 

DC Plate Current During Pulse 

DC Plate Current 

Grii>-No.2 Input (Average) 

Grid-No.1 Input (Average) 

PuTB Dissipation (Avemge) 



6.8 ' 
3.2 

60 

18 

0.13 vuxx 
14 

0.019 max 
20 
6.5 

1.8 max 
2S0 maa 



Up to IXIS Me 

2250 max 
750 max 
-200 max 
3000 max 
80 max 
4 , 5 max 
2 7nax 
115 max 



TOltS 

amperes 
seconds 



Hid 



volts 
volts 
volta 
ma 
ma 
watts 
watts 
mtts 



Typical Operation: 

In CUm-ABteathotU-drive' ciratitwilh reetangutar-v/aoe piihea at 1215 Mc and with duty Jaclor * of 0 01 

DC Plate Voltage 

Peak Poaitive-Palse Grid-No.2 Voltage 

DC Grid-No.1 Voltage 

DC Plate Current, dtuiag pulse 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current 

Driver Power Output at peak of pulse (Approx.)* 

Useful Power Output at peak of pulse (Approx.)*. . . . j 



1360 


1500 


volts 


700 


700 


volts 


0 


0 


volts 


2700 


3000 


ma 


47 


68 


ma 


1.6 


2 


ma 


6 


6 


ma 


390 


4600 


watta 


1600 


2800 


watta 



Maximum Circuit Values: 

Grid-No.l-Circuit Kesiatance, Under any condition 

PLATE-AND-SCREEN-PULSED RF AMPLIHER 
Maximum CCS Ratings: FormaximianONtime^oflOmieroteeonds 

Peak Positive-Pulsb Plate Voltage 

Peak Positive-pulse Grid-No.2 Voltage 

DC Grid-No.1 Voltage 

DC Plate Current During Pulse 

DC Plate Current 

Grid-No.2 Imput (Average) 

Grid-No.1 Input (Average) 

Plate Dissipation (Average) 



30000 inax ohms 



Vp to IBIS ifc 
8000 max 
750 max 
-200 max 
3000 7nax 
60 max 
4 . 6 max 
2 . 0 max 
115 max 



volta 
volta 
volta 
ma 
ma 
watta 
watts 
watts 



Typical Operation: 

In Class A B-2 cathode-drive' circuit with reetanguUu-^aeepulses at ISIS Me arul Kith duty factor* ofOOl 
Peak Positive-Pulse Plate Voltage 2700 3000 volts 
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Peak Positive-Pulse Grid-No.2 Voltage 700 700 volts 

DC Grid-No. 1 Voltage 0 0 - volts 

DC Plate Current during paise 2700 3000 ma 

DC Plate Current 32 85- ma 

DC Grid-No.2 Current 1 2 ma 

DC Grid-No.l Current 9 8 ma 

Driver Po«%r Output at peak of putse (Approx.)* S50 450 . watta 

Useful Power Output at peak of pulae (Approx.)* 3700 4500 watta 

Maximum Circuit Values: 

Grid-No. 1-Circuit Resistance, Under any condition 30000 max ohms 

t Measured with special shield adapter. 

* ON time is defined as the gum of the duration of all the individual pulses which occur during any 1000- 
microsecond interval. An increusf; in dc plate current during the pulse may be permissible iit shorter ON 
times, and a decrease is usually rtsquired at longer ON times. Pulse duration is defined as th« time interval 
between the two points on the pulse at which the instantaneous value is 70 per cent of the peak value. 
The peak value is defined as the maximum value of a smooth curve through the average of the fluctua- 
tions over the top portion of the pul.se. 

■ Cathode is at dc ground potential. 

* Duty factor is defined as the ratio of ON time to total elapsed time in any lOOO-microstt^ond interval. 

* Driver power output includes circuit losses and feed-through power. It is actual power measured at 
input to the tube drive circuit. It will vary with frequency of operation and driver circuitry. 

*Thi3 value of useful power is measured in load of output circuit. 



OPERATING CONSIDERATIONS 

Type 7649 may be operated in any position. Outline 78, Outlines Section. Ade- 
quate forced-air cooling must be provided to limit the terminal temperatures to 
their specified values. Typical cooling requirements are shown in the accompanying 
graph; air flow requirements may be reduced by placing a suitable cowling around 

the radiator to direct the air flow through radiator. Air flow should be effected 
before and during the application of plate, grid-No. 2, and grid-No. 1 voltages. Plate 
power, grid-No. 2 power, and air flow may be removed simultaneously. Cooling air 
is not normally required when only heater voltage is applied to the tube. 



TYPICAL COOLING 
REQUIREMENTS - 
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TYPE 7649 

AIR FLOW DIRECTED THROUGH 
RADIATOR FROM r. I i/i" ORIFICE 
LOCATED 1 1'*" FROM RADIATOR. 

MAX. ALLOWABLE TEMPERATURE 
RISE WITH INCOMING AIR TEMP- 
ERATURE OF 25'C 




O 20 40 60 80 100 120 140 
PLATE OlSSIPATiON-WATTS 

92CM-9220t 



TYPICAL CHARACTERtSTICS 

1 I I I 1 i I I I 
- TYPE 7649 

_E,"6.3 VOLTS IC2 

GRIO-No.2 VOLTS'TOO ICj 




1000 1500 2000 2500 

PLATE VOLTS 

92CM-I0653T 
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TYPICAL PLATE CHARACTERISTICS 
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BEAM POWER TUBE 

Rugged, uhf, forced-air-cooled, 7650 
heater-cathode, cermolox type used as w^w 
af power amplifier and modulator and 
as rf power amplifier and oscillator in 
compact mobile and fixed equipment 
where dependable performance under severe shock and vibration is essential. May 
be useful with full input at frequencies up to 1215 Mc and higher. Class C Teleg- 
raphy maximum plate dissipation, CCS 700 watts. Tube has matrix-type cathode. 



HBATBR VoLTAQB (AC/DC)t 6.8 

HBATmt CUBRBNT at $.8 volts 7 . 85 

Minimum Hkatino Time 120 

Mu-Factor, Grid-No.2 to Grid No.i* 18 

Direct iNTEatELEcxRODE Capacitahcss:^ 

Grid No. 1 to plate. . ; ,. . 0.011 max 

Grid No.l to cathode and heater ' 29 

Plate to cathode and heater. , ; .0.011 max 

Grid No.l to grid No.2 ; " . 37 

Grid No. 2 to plate . 5.3 

Grid No.2 to cathode and heater. ,-. C 1.1 vwx 

Plate-Core Temperature; ....... v 2S0 max 

Terminal Temperature 

(Plate, Grid No.2, Grid No.l, Cathode, and Heater) 260 max 

*For plate volts, 225; grid-No.2 volta, 225; and plate ma., 100. 

AF POWER AMPLIFIER AND MODULATOR— Ctass AB] 

Maximum CCS Ratings; ■ " . 

DC Plate Voltage , 

DC Grid-No.2 Voltahe ; 

MAXIMUM-SiGN'AL DC PLATE CURRENT" 

Maximum-Signal GiiiD-Ko.l Cubbbkt" 

Maximum-Signal Plate Input' 

Maximum-SignaljGrid-Nq.2 Input' 

Plate Dissipation". 

Typical CCS Operationi 

DC Plate Voltage 

DC Grid-No.2 Voltage* 

. DC Grid-No.l Voltage from fixed-biaS BOuriw 

Peak AF Grid-No. 1-to-Grid-No.l VtdtE«e 

Jfero-Signal DC Plate Current 



volts 
amperes 
seconds 



mm! 
"C 





SOOO max 


volts 




1200 max 


VOltB 




500 max 


ma 




100 viax 


ma 




1500 max 


watts 




26 max 


watts 




600 mxx 


mtts 


VolttM ar« /or 


% (u&es 




2700 


8000 


volts 


460 


460 


volts 


-40 


-40 


volts 


80 


80 


volts 


200 


200 


ma 
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1000 


ma 






0 


ms 






6 

r 


ma 






6400 


ohms 




0 


0 


watts 






ISOO 


watta 


Maximum Circuit Valuest 








Grid-No. 1-Circuit Resistance, Under any condition: 












15000 max 


ohms 






Not recommended 


LINEAR RF POWER AMPLIFIER 






Single-SidAand SuppreaaedF^anier Service 






Maximum CCS Ratings: 




Up to 1215 Mc 








2500 max 


volts 






1200 nwz 


volts 


Maximum-Signal DC Platk Cuhrbnt 




500 mox 


ma 






100 -mux 


ma 






'1250 max 


watts 






25 max 


watta 






600 max 


^ watte 


Typical CCS Operation with Two-Tone Modulctionjf 


Also Mc 




DC Plate Voltage 


2250 


2500 


volts 


DC Grid-No.2 Voltaiie* 


450 


4S0 


volts 


DC Grid-No.l Voltage* 


-37 


-87 


volta 




160 


160 


ma 




2500 


2700 


ohms 




450 


500 


ma 






350 


ma 






4 


ma 




1.8 


2. 5 . . - 


ma 






0.05 


ma 




, ■" 1 


1 


watt 




90 


90 


% 


Distortioo Products' Level:** 












-31 


db 




-36 




db 


Useful Power Output (Approx.) : 












340 


watts 




580 


680 


watts 


tTwo-Tone Modulation operation refers to that class of 


amplifier service in: which the input eon^ta of 


two inonufrequency rf signals having equal peak amplitude. 






**Vnth mazimuin aigi^ output uaed as aT6f erence, and without the use of feedback to enhance linearity. 


PLATE-MODULATED RF POWER AMPURER—Clats C Telephony 




Maximum CCS Ratings: ^ 




r-pU,t215Mc 








2000 max 


vojts 






1200 max 


VQlt« 






—250 tnuz 


volts 






500 max 


ma 






100 mox 


ma 






1000 max 


watta 






17 max 


watts 






400 max 


watte 


Typical CCS Operaltoni 


■- In eathode-drive*- 


cireuU at ^00 Mc 








2000 


volte 


DC Grid-No.2 Voltaee* 


....... 400 


400 


volte 


DC Grid-No.l Voltasc# 


-45 


-85 


vt^te 






500 


ma 




6 


S 


ma 




15 


12 


ma 




80 


SO 


% 




. . .• 35 


35 


wutts 




....... 500 


500 


watts 


Maximum Circuit Values: 






r 


6rid-No.l-Gircuit U^atance. Under any condition. . . , 




15000 max 


qhms 
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' RF POWER AMPLIFIER AND OSOLUTOR— Clau:C Telegraphy 

and 

RF POWER AMPUFIER-.aa» C FM Telephony 



Maximum CCS Ratings: 

DC Plate VoLTAGB 

DC Grid-No.2 Voltage. 
DC Ghid-No.1 V(a.TAGB. 

DC Plate Cdrrbnt 

DC Gbid-No.I Current. 

Plate Input 

GliiD-No.2 Ini'UT 

Plate Dissipation 



Typical CCS Operation: 



Aim Me 



VpiolSlSMc 
2&00 max 
1200 max 
-250 max 
500 max 
100 max 
1250 max 
25 max 
700 max 

AtltlSMe 



TOlts 
TOltS 

volta 

ma 
ma 

watts 
watts 
watts 



2260 


2500 


2500 


volts 


400 


400 


400 


volts 


-45 


-85 


-50 


volts 


450 


600 


600 


* ma 


7 


8 


6 


' ma 


10 


12 


10 


" ma 


80 


80 


70 


per cent 


30 


35 


SO 


watts 


660 


800 


376 


watts 



16000 max 



ohms 



Not recommended 



In eaOtode-dHve^ circuit 

DC Plate Voltage 2260 

DC GridrKo.2 Voltage® 

DC Grid-Ko.l Voltage 

DC Plate Current 

DC Grid-No.2. Current 

DC Grid-No.l Current (Approx.) 

Output-Circuit Efficiency (Approx.) -. . , 

Driver Power Output (Approx.)** 

Useful Power Output (Approx.) ° ■ 

Maximum Circuit Values: 

Grid-No. 1-Circuit Resiatance, Under any condition: 

With fixed bias 

With cathode bias 

t Because the cathode is subjected to considerable back bombardment As the frequency is increased 
with resultant increase in temperature, the heater voltage should be reduced depending on operating 
conditions and frequency to prevent overheating the cathode and resultwit short life,; 
o Measured witii special shield adapter. 

* Averaged over any audio-frequency cyde of sine-wave form. 

* Preferably obtained from a fixed supply. 

° This value of useful power is measured in load of output circuit. 

* Cathode is at dc ground potential. 

* Obtained preferably from a separate source modulated along with the plate supply. 

^ Obtained from grid-No. 1 resistor or from a combination of grid-No. 1 resistor with either fixed supply 
or cathode resistor. 

Driver power output includes circuit losses and feed-through power. It is the actual power measured 
at input to drive circuit. 

® Obtained preferably from a fixed supply, or from the plate supply voltage with a voltage divider. 

OPERATING CONSIDERATIONS 

Type 7650 may be operated in any position. OUTLINE 84, Outlines Section. 
Adequate forced^air cooling must be provided to limit the plate core and terminal 
temperatures to- their specific values. Typical values of air flow directed through 

TYPICAL PLATE CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 



TYPE 7650 
Ef = 6.3 VOLTS - 

GRID-NO.E 
V0LTS«400 

ICl- 

IC2 




200 400 600 . 800 1000 

PtATE VOLTS 

92CM-I04BBT 

TYPICAL CONSTAfJT- CURRENT CHARACTERISTICS 
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the radiator to maintain the plate core at 250 C with an incoming air temperature 
of 25 C and with no restrictions at the plate-contact flange are: 



Plate Diaaipation, 

Air Flow 

Static Pressure. . . 



100 
2 

0.04 



300 
4 

0.14 



600 
11 
0.66 



700 
16 
0.96 



watts 
cu ft/min 
in. water 



A sufficient quantity of air should be directed at the heater terminal and al-' 

lowed to flow past each of the terminals so that no terminal temperature exceedg 
the specified maximum value of 250 C; an air flow of 2.5 cfm is usually adequate. 
Forced-air cooling of heater and cathode terminals is usually required during stand- 
by (heater only) operation. Air flow may be removed simultaneously with all volt- 
ages. 

BEAM POWER TUBE 

— , jFv Rugged, uhf, forced-air-cooled, 

/ 03 1 heater-cathode, cermolox type used as 

^ ' rf-pulse power amplifier in compact 

mobile and fixed equipment where de- 
pendable performance under severe 
shock and vibration is essential. May be used with full input up to 1215 Mc, and 
with reduced efficiency at higher frequencies. Plate-and-Screen Pulsed RF Amplifier 
maximum average plate dissipation, CCS 600 watts; maximum pulse duration, 10 
l^croseconds in any lOOO-microsecond interval. Tube has matrix*type cathodtf. 
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Technical Data 



Heater Voi-TAGE (ac/dc) 6.3 volts 

Heater Current at 6.3 volts 7.5 amperes 

Minimum Heating Time 120 seconcto 

Mu-Factor, Grid-N'0.2 To Grid No.l* 13 

Direct Interei.ectkode Capacita.nces:^ 

Grid No.l to plate 0.13 max ^tjil 

Grid No.l to cathode and heater 29 fi^if 

Plate to cathode and heater 0.01 moa; ^/if 

Grid No.l to grid No.2 38 fx^t 

Grid No,2 to plate 6.5 «*f 

Grid No^ to cathode and heater 0.8 max i^iif 

FuTB-CoRB Tbhpgrature 250 max "C 

Tbrional Temperature: (Plate, Grid No.2, Grid No.l, Cathode, and Heater) 250 moa; "C 

* For plate volts, 225; srid-No.2 Tolts, 225; plate ma., 100. 



GRID-PULSED RF AMPLIFIER 

and 

- GRID-AND-SCREEN-PULSED RF AMPLIFIER 

For maximum ON time" of 10 microseconds 
Maximum CCS Ratings: Up to ISIS Me 

DC Plate Voltage 5000 max volts 

Peak Positive-Pu!,se Grid-No.2 Voltage 1200 max volts 

DC Grid-No.1 Voltage -250 max volts 

DC Plate Current During Puue 9 max amperes 

DC Plate Current 0.5 viax ampere 

Grid-No.2 Input (Average) 25 max watts 

Grid-No.1 Input (Average) 10 max watts 

Puts Dissipation (Average) 600 maw watts 



In grid-pulsed i-uth^de-dTive' circuit with rectanguiar- 
Typical Operation: wave pulse at 1215 Mc and with duty factor* of 0.01 

DC Plate Voltage 8600 4000 

Peak Positive-Pulse Grid-No.2 Voltage 800 1000 

DC Grid-No.l Voltage -100 -120 

DC Plate Current during pulse 8 9 

DC Plate Current ;. 0-19 0.2 

DC Grid-No.2 Current 0.005 0.006 

DC Grid-No.l Current 0.02 0.02 

Output-Circuit Efficit-ncy (Approx.) 80 80 

Driver Power Output at peak of pulse (Approx.)° 6.2 6.3 

Useful Power Output at peak of pulae (Approx.)* 15 20 

In ffrid-andF^reen-piilsed eathode-drive' eireuU wUh ree- 
tonoutor-waffe pulses of tStSMs with duty faetdr* of 0.01 

DC Plate Voltage ; 8600 4000 

Peak Positive-Pulse Grid-No.2 Voltage 800 1000 

DC Grid-No.l Voltage. . . 0 0 

DC Plate Current during pulse 8 9 

DC Plate Current 0.145 0.165 

DC Grid-No.2 Current , 0.003 0.006 

DC Grid-No.l Current ■ 0.017 0.017 

Output-Circuit Efficiency (Approx.) 80 80 

Driver Power Output at peak of pulse (Approx.) ° 2.4 2.9 

.Useful Pover Output at peiUc o{ pi^ (Approx.)^ 11 . IS 



volts 
volts 
volts 
amperes 
ampere 
ampere 
ampere 
per cent 

kw 

kw 



volts 
volts 
volts 
amperes 
ampere 
ampere 
ampere 
ampere 
kw 
kw 



PUTE-AND-SCREEN-PULSED RF AMPUFIER 
For maximum ON Hm^ of 10 microseconds 

Maximum CCS Ratings: Up to 1215 Mc 

Peak Positivb-Pulsb Plate Voltage 8000 max volts 

Peak Positive-Pulse Grid-No.2 Voltage 1200 max volts 

DC GniD-No.l Voltage -250 max volts 

DC Plate Current During PuLss 9 max amperes 

DC Plate Current 0.12 max ampere 

GRrD-No.2 Input (Average) 25 max watts 

Grii>-No.1 Input (Average) 10 max watts 

Plate Dissipation (Average) 600 max watts 
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TYPICAL PLATE CHARAaERISTlCS 
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TYPICAL CHARACTERISTICS 

TYPE 7651 ' ' ^ 
Ef-6.3 VOLTS 
GRID-No.2 VOLTS-IOOO 

'-r 

— IC2 




1000 



2000 3000 4000 
PLATE VOLTS 

92CM-10SO(T 



In eaikode-drive' circuit with reetangular-ioave 
Typical Operation: puiaea at ISIS Mc an4 mth dutf/ factor* of 0.01 

Peak Positive-Puise Plate Voltage ; 

Peak Positive-Pulse Grid-No.2 Voltage 

DC Grid-No.l Voltage , 

DC Plate Current during pulse 

DC Plate Current 

DC Grid-N<>.2 Current 

DC Grid-No.l Current 

Output-Circuit Efficiency (Approx.) 

Drivtjr Powor Output at peak of pulse (Approx.) ° 
Useful Power Output at peak of pulse (Approx.)* 
t Measured with special shield adapter. 

* ON time ia defined as the sum of the durations of all the individual pulses which occur during any 
lOOO-micrasecond interval. An increase in dc plate current during the pulse may be pern^aaible at 
shorter ON times, and a decrease ia uaually required at longer ON times. 

■ I, 

.V 



720d 


8000 


7200 


8000 


volts 


800 


1000 


800 


1000 


volts 


0 


0 


-75 


-80 


volts 


8 


9 


8 


9 


amperes 


0.09 


0,1 


0,09 


0,1 


ampere 


0.003 


0.008 


0.003 


0.004 


ampere 


0.015 


0.016 


0,019 


0,02 


ampere 


80 


80 


80 


80 


per cent 


1.8 


2.2 


4. :> 


5,3 


kw 


22 


28 


30 


39 


kw 
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Pulse duration ig defined as the time interval between the two pointa on the pulse at which the inetan- 
taneous value is 70 per cent of the peak value. The peak value is defined as the maximuni value of a 
smooth curve through the average of the fluctuations over jthe top portion of ^.pulse. 
■ Cathode is at dc ground potential. 

• Duty factor is defined as the ratio of ON time to total elapsed time in any lOOO-microsecond interval. 
° Driver power output includes circuit losses and feed-through power. It is acjual power measured at 
input to tube drive circuit. It will vary with frequency of operajUon and driver ctrcuitiy. 

* This ;YaIue of useful power is measured in load of output drcuit. 

OPERATING CONSIDERATIONS 

Type 7651 may be operated in any position. OUTLINE 84, Outlines Section. 
Within its maximum ratings, forced-air cooling considerations for the 7651 are iden- 
tical with those given under Operating Considerations for Type 7650. 



BEAM POWER TUBE 

Very small, uhf, conduction- 70/M 
cooled, heater-cathode, cermolox type /OUl 
used as rf power amplifier and oscilla- 
tor in compact mobile and fixed equip- 
ment where the use of air may not be 
practif^. May be useful at frequencies up to 3000 Mc and beyond. Class C Tel^- 
raphy maximum plate input, CCS 52.5 watts. Type 7801 may be operated in any 
position. Outline 76, Outlines Section. For thermal considerations, refer to Power 
Tube Installation Section. 




Heater Voltage (Ac/Dc)t 12.6 

Heatek Current at 12.6 volta 0.5 

Minimum Heatin'g Time ; ; 40 

Mu-Factob, Grid NO.2 To GMD N0.1# .: 30 

Direct Inter electrode Capacitances:** 

Grid No. I to plate 0.025 max 

Grid No.l to cathode and heater ,. 9.5 

Plate to cathode and beater i 0 . 004 max 

GridNo.l to grid No.2 ., 17 

Grid No.2 to plate 2 .2 

Grid No.2 to cathode and heater 0.X8 7^k^; 

Terminal Tempehaturb (Plate, grid No.2, grid No.l, cathode, and heater) 250 max 
# For plate volts, 250; grid-No.2 volts, 250; plate ma., 35. 

RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings: ' 

DC Plate Voltage 750 max 

DC GaiD-No,2 Voltage ; 250 max 

DC Grid-No.1 Voltaoe. -100 max 

DC Plate CoaaiatT .- 10 max 

DC Grii>-No.1 CimRBNT, 15 max 

Plate Input 62.6 max 

Gkii>-No.2 Input 2 max 

Plate Dissipation • 

Typical CCS Operation in Cathode-Drive Circuit: 

SJiown graphically in the following three eJtarU: 
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RCA Transmitting Tubes 
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TYPE 7801 
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PLATE-MODUUTED RF POWER AMPLIFIER— Class C Telephony 
Carrier condUiona per tube for use with a ntaxtmum modulation factor of 1 
Moximum CCS Ratings: 

DC Plate Voltage 760 max volts 

DC Grid-No.2 Voltage 250 Twoa; volts 

DC Gk«>-No.1 Voltage -100 max volts 

DC Plate Cubbbnt *0 max ma 

DC Gbid-No.1 Cubrent. 16 ««w 

Plate Input *S »«w watts 

Gri3>No.2 Input 2 max watts 

Plate Dissipation • 



Typical CCS OparoHon in Cathode-Drive Circuits 

Shown ijruphically in the foliowing chart: 



?<- 

3a: *3 
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Technical Data 



AP POWER AMPLIFIER AND MODULATOR 
and 

UNEAR RF POWE^ AMPLIFIER 

Single^Sid^xmd Suv^eaaed^arrier Senior 
Maximum CCS Ratings: ' ' 

DC Plate Voltage 750 max volta 

DC GiiiD-No.2 Voltage. ' 250 max volts 

Maximuu-^ignal DC Plate CxmHBNT° 70 max ma 

MAXtMUM-SiGNAL DC Grid-No.1 CuiHlBNT°. IS max ma 

Maximum-Signal Plate Input° 52.5 max watta 

Maximum-Signal Grid-No-S Input° '. 2 max irattB 

Plate Dissipation^ • 

RF POWER AMPLIFIER— Clasi B Telephony 

Maximum CCS Ratingsi 

DC Plate Voltage 750 max volta 

DC Grid-No.2 Voltage 250 max volts 

DC Plate Current 35 max ma 

DC Grid-No.I Current , 8 max ma 

Plate Input 52,5 moi watts 

Grid-No.2 Input ; 2 max watts 

Plate Dissipation • 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance, Under any condition 30000 max* ohms 

t Because the cathode is subjected to considerable back bombardment as tlie frequency is increased 
with resultant increase in temperature, the heater voltage should be reduced depending on operatinE 
conditions and frequency to prevent overheating the cathode and resultant short life. 
" Measured with special shield adapter. 

• Maximum plate dissipation is a function of the maximum plate input, efficiency of the class of service 
and the effectiveness of the cooling system, 

° Averaged over any audio-frequency cycle of sine-wave form for AF Power Amplifier and Modulator 

Service. 

' If this value is insufficient to provide adequate bias, the additonal required bias must be supplied by a 
cathode resistor or fixed supply. 



TYPICAL 

CHARACTERISTICS 
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TYPICAL PLATE CHARACTERISTICS 
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TYPICAL CONSTANT-CURRENT CHARACTERISTICS 
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7842 

7843 
7844 



BEAM POWER TUBE 




Small, uhf, conduction-cooled, 
heater-cathode, cermolox types used as 
af power amplifier and modulator, and 
rf power amplifier and oscillator in 
' compact mobile and fixed equipment 

where the use of air may not be practical. Useful at frequencies up to 2000 Mc and 
beyond. Class C Telegraphy maximum plate input, CCS 180 watts. Except for 
heater rating, the 7843 is identical to type 7844. The 7842 is used in equipment 
where'dependable performance under severe shock and vibration is essential. Types 
7842, 7843, and 7844 may be operated in any position. Outline 77, Outlines Sec- 
tion. For thermal considerations, refer to Power Tube Installation Section. Except 
for special ratings and performance data, internal construction, and minor changes 
in genera] characteristics as showa below, the 7842 is identical to type 7844. Tj^w . 
I 7842 has matrix-type cathode. 
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Technical Data 



Hbatkr Voltage (AC/Dc)t 

Hbatbe Cdkrknt 

Minimum Heating Time;. , 



Mu-Factob, Grid No.2^o Grid No.l# , 

DiRBCT ZNTERELBCTRODB CAPACITANCES:'* 

Grid No.i to plate .,, 0.065 

Grid No.1 to cathod? and heater. .. / , 14 

Plate to cathode and heater. , .-. 0;019 

Grid No.l to grid No.2 , 

Grid No.2 to plate 

Grid No.2 to cathode and heater 

Conduct I on'-Cylinder Temperature , 

Seal Temperature (Plate, grid No.2, grid No.l, cathode . 

and heater) 

# For plate volt3, 250; grid-No.2 volts, 250; plate ma., 100. 



73^2 




6.3 


26.5 


3.2 


0.52 


■■ 60 


60 


18 



max 



max 



19 
4.5 

l.Smax 
260 max 

260 m«r 



6.3 
2.1 
60 

78JiS, 78U 
18 

0. 065 max 
14 

-0.015 nuu; 
17 
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0.4 max 
260fn4UE 

250 moi! 
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AF POWER AMPUFIER AND MODUtATOR— QaM ABt 

Maximum CCS Ratings: 



DC Plate Voltaob lOoo max volts 

DC Grid-No.2 Voltage 300 maa: volta 

Maximum-Signal DC Plate Cuhrbnt* 180 max- ■ ma 

Maximum-Signal Plate Input" 180 max watts 

Maximum-Signal Grid-No.Z Input" 4 6 mtKC watts 

Plate Dissipation" ■ ' 



Typical CCS Push-Pull Operation! Valun art for S t^be8 

DC Plate VoUag? 850 ggg " ^^^^ 

DC Grid-No.2 Voltage^ 800 800 voltS 

i)C Grid-No. I VoStage from fixed-bias source -15 -15 volta 

Peak AF Grid-No.l-to-Grid-No.l Voltage* 80 30 volts 

Zero-Signal DC Plate Current, , , . 80 80 ma 

Maximuni-SiKnal DC Plate Current 200 200 ma 

Zero-Signal DC Grid-No.2 Current 0 0 

Maximum-Signal DC Grid-No.2 Current 20' 20 ma 

Eireetivp Load lUsistance (Plate to plate) 4330 7000 ohms 

Maximum-Signal Driving Power (Approx.) 0 0 watts 

Maximam-Signal Power Output (Approx.) 50 80 watts 

Maximum Circuit Values: 

Grid-No. I-Circuit Resistance, Under any condition:* 

For fixed-bias operation 3O000 max ohms 

For cathode-bias operation ^ot recommended 



AF POWER AMPLIFIER AND MODUUTOR— CLASS AB2 
Maximum CCS Ratings; 

1000 max 

DC GRti>-No.2 Voltaob ^OO max 

Maximum-Signal DC Platb Cubrbnt". .- igo max 

Maximum-Signal DC Grid-No.! Current" 30 max 

Maximum-Signal Plate Input" igf, 

Maximum-Signal Grid-No.2 Input" '. '. [ '. '. '. . [ 4 5 max 

Plate Dissipation" 



volts 
volts 
ma 
ma 
watts 
watta 



Typical CCS Pysh-Pull Operation: Values are for 

DC Plate Voltage 650 

DC Grid-No.2 Voltage^ . . . 800 

DC Grid-No. 1 Voltage from flxed-biaa source -IS 

Peak AF Grid-No.l-to-Grid-No.l Voltage 46 

Zero-Signal DC Plate Current gO 

Maximum-Signal DC Plate Current 865 

Zero-Signal DC Grid-No.2 Current 0 

Maximum-Signal DC Grid-No.2 Current 25 

Maximum-Signal DC Grid-No. 1 Current .' 15 

Effective Load Resistance (Plate to plate) 2450 

Maximum-Signal Driving Power (Approx.)** O.S" 

Maximum-Signal Power Output (Approx.) js 



2 tubes 
850 
800 
-15 
46 
80 
366 
0 
25 
15 
3960 
0.3 
140 



volta 
volts 
volts 
volts 
ma 
ma 

ma 
ma 
ohms 
watt 
watts 
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PLATE-MODULATED RF POWER AMPLIFIER— Claw C Telephony 
Maximum CCS Ratingsi VptoiXlSMe 

DC PLATE Voltage smmax volts 

DC Ghid-No.2 Voltage goo max volts 

DC Grid-No.1 Voltagb _100 max volta 

DC Plate Current 150 moa: ma 

DC Grid-No.1 Current 30 max ma 

Plate Input 120 max watts 

Gkid-No.2 Input , 3 mox watts 

Platb Dissipation • 

Typical CCS Operation: X iOO Mc 

DC Plate Voltage 400 700 volts 

DC Grid-No.2 Voltage® 200 250 votts 

■ DC Grid-No.l Voltaget -20 -50 volts 

DC Plate Current loO 130 ma 

DC Grid-No.2 Current 5 10 ma 

DC Grid-No.t Current 5 lo nia 

Driver Power Output (Approx.)** 2 S watta 

Useful Power Output (Approx.) .' ig 45 watts 

Maximum Circuit Valuesi 

CEri(l-No.l-Circuit Resistance, TTnder any conation SOOOOi^max ohms 

RF POWER AMPLIFIER AND OSCILLATOR-Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 
Maximum CCS Ratings: . . xjp io inS Mc 

DC Plate Voltage lOoo max volts 

DC Grid-No.2 Voltage goo max volts 

DC Gbid-No.1 Voltage ■,- ; ; _ioo max volts 

DC Plate Current 180 moa; ma 

DC Grid-No.1 Cobkbnt 30 max ma 

PLATE Input \iO max watts 

Gbid-No.2 Input 4.5 ^ax watts 

PlATB DlSEOFAnON • 

Typical CCS Operation: At m Mc A 1215 Me 

DC Plate Voltage 400 900 900 volts 

DC Grid-No.2 Voltage** 200 300 800 volts' 

DC Grid-No.l Voltage** -35 -30 -22 volts 

DC Plate Current 150 170 170 ma 

DC Grid-No.2 Current 5 1 1 ma 

DC Grid-No.l Current 3 10 4 ma 

Driver Power Output (Approx.)** 3 3 6 watts 

Us^ul Power Output; <Ajprox.) . 28 80 40 watts 

Maximum Circuit Values; 

Grid-No. 1-Circuit Resistance, Under any condition 30000*maa: ohzns 

{ Because the cathode ia subjected to .considerable back bombardment as the fraquency is increased 
resultant increase in temperature, the heater voltage ahould bexeduoed, depttiding on operatliME cod#- 
tioBs and frequency, to prevent overheating the catfaodeand r«niltant short Hfe. 
* Measured with special shield adapter. V 
■Averaged over any audio-frequency cycle of sine-wave form. 

•Maximum plate dissipation is a function of the maximum plftte input, ^Idraioy of the class of service 

and the effectiveness of the cooling system. 

^Preferably obtained from a fixed supply. 

'The driver stage should be capable of supplying the No J, grids of the CUss ABi stage wit^ the specked 
driving voltage at low distortion. 

*The resistance introduced into the grid-No.l circuit by^l^ btpiit coupling should be held to a low value. 
In no case should it exceed the specified nuuduum vahie; transformer- or impedance-nmpling devices 
recommended. 

**Driver stage should be capable of supplying the spedfied driving power at low distortion to the N0.I 
grids of the ABa stage. To minimize distortion, the effective resistance per j^-No.l cireuit of the ABi 
stage should be h^d at a low vaOue. For thu purpose, t^ use of transformer coupling is recommem^. 
^(^tained prel^bty bom a separate 80un» modulated idong with the plate supp^. 



256 



i 



Technical Data 



tObtained from s:rid-No.l resistor or from a combination of grid-No.l resistor with cither fixed supply or 
cathode redstor. 

**The driver stage is required to supply tube Umaes and rf-circuit losses. It should be designed to provide 
an excess of power above the indicated values to take care of variations in line voltage, components, 
initial tube characteristics, a>ul tube eharacteristica during life. - - 

•kit this value is insufficient to pmvide adequate bias, the additional required bias must be supplied by a 
cathode resistor or iixud supply. 

••Obtained preferably from a tixed supply, or from the plate supply voltage with a voltage divider. 
^4rObtalned from fixed supply, by grid-No.l redstor, by cathode resistor, or by combinatioii methods. 



TYPICAL PLATE CHARACTERISTICS 
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TYPICAL CHARACTERISTICS 
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7870 



BEAM POWER TUBE 

Very small, uhf, conduction- 
cooled, heater-cathode, cermolox type 
used as rf power amplifier and oscilla- 
tor in compact mobile and fixed equip- 
ment where forced-air cooling may not 
be practical. Useful at frequencies up to 3000 Mc and beyond. Class C Telegraphy 
maximum plate input CCS, 52.5 watts. Heater volts (ac/dc), 6.3; amperes, 1. May 
be operated in any position. Outline 76, Outlines Section. Except for heater rating, 
the 7870 is identical to type 7801. . 
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BEAM POWER TUBE 

7905 Miniature, quick-heating filament 

type used in rf power-amplifier, oscilla- 
tor, and frequency-multiplier service 
at frequencies up to 175 Me in mobile- 
and emergency-communications equip- 
ment. Delivers 7 watts useful power 
(ICAS) at 175 Mc. 

Filament Voltage (ac/dc) ..^ 

Filament Cxjhhent 

Filament Warm-Up Time 

Direct Interelectrodb Capacitances:" 

Grid No.l to plate 

Grid No.l to filament, grid No, 3, and grid No.2 

Plate to filament, grid No.3, and grid No.2. 

^Without external shield. 

Characteristics, Class A] Amplifier: 

Plate Voltage 

Grid No.8 

Orid-No.2 Voltave 

Orid-No.1 VottRgs 

Mu-Paetor, Grid No.2 to grid No.1 

Tranaconductance i , 

Plate Current 

Grid-No.2 Current 

RF POWER AMPLIFIER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPLIFIER— Class C FM Telephony 

Ai frequemies itp to 175 Mc 
Maximum Ratrngsi ICAS 

DC Plate Voltage 300 jma- volts 

Grid No.S , . . , Connect to pin 1 at socket 





volts 


0.65 


ampere 


Less than one second 


0 . 14 tmx 




8.5 


- *i*(f 


5.5 


w»f 


200 


volts 


Connected to pin 1 at socket 


185 


volts 


-6 


volts 


11.6 




6700 


^mhos 


86 


ma 


2.5 


ma 



DC GitiD-No.2 Supply Voltage 

DC Grid-No.2 Voltage 

DC Grid-no.1 Voltage 

DC Plate Current 

DC Grid-No.2 Current ■ 

DC Gri£>-No.1 Corbhnt 

Plate Input 

GRtD-No.2 Input 

Plate Dissipatio.v 

Bulb Te.mperatube (At tiotteat point) 

Typical Operation! 

DC Plate Volt^ 

Grid No.S 

DC Grid-No.2 Voltage*. 

DC Grid-No. 1 Voltage** 

From a grid-No.l resistor of 

Peak RF Grid-No.l Voltage 

DC Plate Current 

DC Grid-No.2 Current 

DC Grid-No.l Current (Approx.) 

Driving Power (Approx.)t 

Useful Power Output (Approx.)tt. ■ • • • 

Maximum Circuit Valuesi 

Gxid-'No.l-Cireuit Resistance 



SOO max volts 

250 max volts 

-125 max volts 

60 max ma 

10 max ma 

5 v^fix ma 

■ 18 viax watts 

1.5 7nax watts 

10 7mx watts 

225 max °C 

As amplifier at 175 Mc* 
ICAS 



300 


300 


volts- 




Connected to pin 1 


at socket 


160 


185 . 


_ voflA 


-^6 


-89 


volts 


18000 


18000 


ohn^, 


41 


48 


volts 


SO 


60 


ma 


2.6 


4 


ma 




2.2 


ma 


1 


1 


watt 


S.6 


7 


watts 


0.1 


viax 0 . 1 max 


megohm 



PLATE-MODULATED RF POWER AMPLIFIER— 



Maximum Ratings: 

DC Plate Voltage. 
GWD No.S 
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Class C Telephony 

At freqHencics up to 176 Me 
ICAS 

250 max volts 

.... Connect to pin 1 at socket 

I 



DC Gbid-No.2 VOLTAGii 250 max volts 

DC Grid-No.1 Voltage -125 max volts 

DC Plate Cubrent 60 max ma 

DC Grii>'No.2 Cubbbnt 10 max ma 

DC Grii>-No.1 Cubbbnt g max ma 

Plate Input 15 max watts 

GbiD<N0.2 Input .'. . . .-. . . 1.4 max watts 

PiATB DiffitpATiOM 7 max watts 

Bulb Tbupbbatubb (At hottest point) ^ 225 max °C 

Typical OperaHonj* At 1TB Me ICAS 

DC Plate Voltage 250 volts 

Grid Nu.3 Connected to pin 1 at socket 

DC Grid-No.2 Voltages , 250 volts 

DC Grid-No. 1 Voltage** -70 volts 

From a grid-No.l resistor of. .". 88000 ' ohms 

Peak RF Grid-No.l Voltage I ' "^75 volts 

DC Plate Current 60 ma 

DC Griil-No.2 Current 2.5 ma 

DC Grid-No.l Current (Approx.) 2.1 ma 

Driving Power (Approx.)t 1 watt 

Useful Power Output (Approx.)tt 6.5 watts 

Maximutn Circuit Vdluast 

'C^d^94'NE^i»»)i£ jB^^ 0.1 max megohm 

FREQU&ICY MULTIPLIER 

Maximum Ratings: ICAS 

DC Plate Voltage BOO max volts 

Grii> No.3 , Connect to pin 1 at socket 

DC Grid-No.2 Supply Voltage 300 jnax volta 

DC GiUD-No.2 Voltage , 250 mux volts 

DC GiiiD-No.l VoltagH. -125 mm volts 

DC Plate Current 50 max ma 

DC Grid-No.2 Current 10 max ma 

DC Gkii>-No.1 Current 5 max ma 

Plate Input 15 max watts 

Gbid-No.2 Input 1.5 max watts 

Plate Dissipation 10 max .watts 

Bulb Tbmpebatube (At hottest point) 225 max ' *>C 

As douhler to 1 75 Me 
Typical Operation: ICAS 

DC Plate Vintage 250 800 volts 

Grid No.3 Connected to pin 1 at socket 

DC Grid-No.2 Voltage* 200 215 volts 

DC Grid-No.l Voltage** -53 -80 volts 

From a grid-No.l resistor of 53000 53000 ohms 

Peak RF Grid-No.l Voltage 60 87 volts 

DC Plate Current 45 50 ma 

DC Grid-No.2 Current 3.4 3.4 ma 

DC Grid-No.l Current (Approx.) 1 l.g ma 

Driving Power (Approx.)t 0.4 0.5 watt 

Useful Power Output (ApproXw)tt 2.5 S.5 watts 

As tripler to 175 Mc 
ICAS 

DC Plate Voltatie 250 250 volts 

Grid No.3 Connected to pin 1 at socket 

DC Grid-No.2 Voltage* 180 225 volts 

DC Grid-No.l Voltage -90 -108 volts 

From a grid-No.l resistor of 50000 600QO ohms 

Peak RF Grid-No.l V<dt^ 106 118 volts 

DC Plate Current 40 50 ma 

DC Grid-No-S-Current ; 2.6 8,4 ma 

DC Grid-No.l Current (Approx.) 1.8 1.8 ma 

Driving Power (Approx.)t. . ■ 0.4 0.6 watt 

Useful Power Output (Approx.)tt ■ : 1.4 2 watts 

Maximum Circuit Values: 

Grid-No.l-CircuitBe»ll^^V^...«..^....^.,. 0.1 nuu;. 0.1 vwx m^ohm 
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* Pins 4 and S at i-f ifround. 

* Obtained preferably from a separate source or from tlie plate-voltage supply with a voltase divider. 
If a series resistor is used, it should be adjustable to permit (4)tHiiuiig the4ei^red opirarfttiDg plate current 
after initial tuning adjustments are completed. 

Obtained from a grid-No.l resistor, or from a combination of grid-No.l resistor and either fixed 
supply or cathode resistor. The combination of grid resistor ami fixed supply has the advantage of not 
only protecting the tube from damage through kws of exdtatfim but* also of minimi^ug distort^oa by 
bias-supply comjwnsatioo. 

t Driving power includes circuit loesea and is the actual power measured at the input to the grid drcuit. 

tt Measured at load. 

8 Obtained preferably from a separate source modulated along with the plBtesupply, or from the modu- 
lated plate supply through a series resistor. It is recommended that this rudstor be adjustable to permit 
obtaining the desired operating plate current after initial timing adjustnMnts are made. 



AVERAGE PLATE CHARACTERISTICS 



300 



250 



ISO 

too 



50 

















T 


1 1 i i 1 

rPE 7905 

• 6.3 VOLTS DC 

tID Na.3 CONNECreo 10 PIM 1 Kt SOCKET. 
tlD-l«»Z VOLTS* 105 
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KM 



200 



300 400 
PLATE VOLTS 



AVERAGE CHARACTERISTICS 



V) 

III 
o: 

a! 20 
< 

B 15 
3 



K) 



TYPE 7905 
Ec6.3 VOLTS DC 

"GRID No. 3 CONNECTED TO PIN I AT SOCKET. 
GRIO-No.2 VOLTS-ieS 



-10 



grid-No. i volts Ecr*5' 



100 



200 
PLATE VOLTS 



300 

•8CS-IOB3T 

OPERATING CONSIDERATIONS 

Type 7905 requires Miniature nine-contact socket and may be operated in 
vertical position (base up or down), or in horizontal position with pins 2 and 8 in 
vertical plane. Outline 9, Outlines Section. 

Shielding of the 7905 may be used in straight-through rf amplifier service to 
minimize external feedback from the plate to grid No.l. A grounded shield crossing 
the terminal end of the tube socket through the space between pins 2 and 3 and the 
space between pins 8 and 9, is generally adequate for this purpose. No shielding is 
necessary for either frequency doubler or tripler operation. 

When operated from automotive electrical systems, the filament may be sub- 
jected to voltage yamtions as great as * 20%. Although sudi extreme in filam«it 
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voltage may be tolerated for short periods, increased equipment reliability can be 
achieved with improved supply-voltage regulation. 

The socket connections to pins 4 and 5, which are designated LC on the basing 
diagram, may be used to minimize the absorption of rf power in the filament circuit 
by connecting pins 4 and 5 to ground through a capacitor, close to the socket. Pin 1 
is directly grounded and pin 9 is bypassed by using a feedthrough capacitor when 
bringing this filament lead through the chassis. 




POWER TRIODE 

Thoriated-tungsten-filament type 8000 
used as a£ power amplifier and modu- 
lator and as rf power amplifier and os- 
cillator. May be used with full input 
up to 30 Mc; for operation at 60 Mc, 
plate voltage and plate input should be reduced to 70 per cent of maximum ratings; 
at 100 Mc, to 50 per cent. Class C Telegraphy maximum plate dissipation, CCS 125 
watts, ICAS 175 watts. Type 8000 requires Jumbo four-contact socket and may be 
operated in vertical position with base down, or in horizontal position with pins 1 
and 2 in vertical plane. Outline 55, Outlines Section. Plate shows a barely percep- 
tible red color when tube is operated at maximum CCS ratings and a cherry-red 
color at maximum ICAS ratings. 



Filament Voltage (ac/dc) 

Filament Current 

Amplification Factor 

Direct Interelectuode Capacitances; 

Grid to plate 

Grid to fiUtment 

Hate to filsmeit 



10 
4.6 
16.5 

6.4 
6.0 
8.S 



PLATE-MODULATED RF POWER AMPUHER— Class C Telephony 



volta 
amp«re6 



nitt 



Maximum Ratings: 


CCS 


ICAS 








2000 max 


votts 






-500 max 


volta 


DC Plate Current 


210 max 


250 rtiax 


ma 






45 max 


ma 






6O0 max 


watts 






126 max 


<mtto 



RF p6\V^R AMPUFIER AND OSCIlLATOR^Iass C Telegraphy 

and 

RF POWER AMPUFIER— Closs C FM Telephony 



Maximum Ratings: 


CCS 


ICAS 








2500 max 


volts 






-500 max 


volts 






300 max 


ma 


DC Grid Current 


40 max 


45 max 


ma 






750 max 


watts 






175 max 


watta 



BEAM POWER TUBE 

' See type 4E;27/8001. 



8001 




POWER TRIODE 

Thoriated-tungsten-filament .type used aa 
af power amplifier and modulator and as rf 
power ampli&CT and osdtlator. May be used 
with full input up to 80 Me and with reduced 
input up to SO Mc Requires Jumbo foui^ 
contact socket and may be operated in vertical' 
position with base down, or in horizontal pod" 
tion with pins 1 and 3 in vertical plane. Ikfaxi- 
mumlengtb, 8-3/16 inches; maximum diameter. 



8003 
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2-9/16 inches. For operation at 50 Mc, plate voltage and plate input should be reducedto 83 per cent of 
maximum ratings. Filament volts (ac/ dc), 10; amperes, 3,25. Direct intcrelectrode capacitances: grid to 
plate, 11.7 (i/jf; grid to filament, 5.8 nni; plate to filament, 3.4 ;i^jf. Ma.\imum CCS ratings as A.F 
POWER AMPLIFIER AND MODULATOR: dc plate volts, 1350 max; maximum-signal dc plate 
milliampercs. 250 max; maximum-signal plate input, 330 max watts; plate dissipation, 100 mux watts. 
Maximum CCS ratings as RF POWER AMPLIFIER AND OSCILL-ATOR: dc plate volts, 1350 mux; 
dc grid volts, -400 max; dc plate milliamperea, 250 max; dc grid mtlHamperes, 50 max; plate input, 330 
max watts; plate dissipation, 100 max watts. Plate shows no color when tube is operated at maximum 
CCS ratwEB. The 800S is « DISCONTINUED type listed for reference only. 




POWER TRIODE ^^^^.^Jf^^^ 

P Thoriated-tungsten-filament type 

OUOO used as al power amplifier and modu- 

lator and as rf power amplifier and os- 
cillator. May be used with fxill input rCi/***-^''''Vi/F 
up to 60 Mc. For operation at 80 Mc, 
plate voltage and plate input should be reduced to 75 per cent of maximum ratings; 
at 100 Mc, to 60 per cent. Class C Telegraphy maximum plate dissipation, CCS 75 
watts, ICAS 85 watts. Type 8005 requires Small four-contact socket and may be 
operated in vertical position with base down, or in horizontal position with pins 2 
and 3 in vertical plane. OUTLINE 45, Outlines Section. Plate shows a cherry-red color 
when tube is operated at maximum CCS ratings and an orange-red color at maxi- 
mum ICAS ratings. 

Filament Voltage (ac/dc) 10 vcdts 

Filament CiniRBNT „■.'. 8.26 ampwes 

AiiPLiFicATioN Factor* ; 20 

Direct InterelbctbodiS Capacitancbs: 

Grid to plate ". '. 5.0 , nfti 

Grid to filament , . , . , I „ 6.4 imt 

Plate to filament , . ^ ^ 1 1.0 ., 

♦Grid volts, 50; plate amperes, 0.5. 

PLATE-MODULATED RF POWER AMPLIFIER— Class C Telephony 

Maximom Ratings: CCS ICAS 

DC Plate VOLTACE ; 1000 max 1250 max volts 

DC Grid Voltage -200 max -200 max volts 

DC Plate Current 100 maj: 200 max ma 

DC Grid Current '.' 45 max 45 max ma 

Plate Input 160 max 240 moa; watts 

PLAifB Dissipation 60 max IS max watts 

RF POWER AMPLIFIER AND OSCILLATOR— Clas* C Telagraphy 

and 

RF POWER AMPUHER-<Iau C FM TdeRhony 

Maximum Ratingst CC^ ICAS 

DC Plate Voltagb 1250 jnax 1500 max volts 

DC Gbid YoltaOB -200 max -200 max volta 

DC Plate Curbbnt 200 moa: 200 moa; ma 

DC Gam CURRBNT 4S max 45 max :ina 

PLAra Input 240 max 800 max watts 

Plate DiafOPATiOM 76 max 95 max watts 



HALF-WAVE MERCURY- 
VAPOR RECTIFIER 

Coated-filament type used in 
800^ power supply of transmitting and in- 
" dustrial equipment. Maximum peak 

inverse anode volts, 10,000; maximum 
average anode amperes, 1.25. Requires 
Super-Jumbo four-contact socket and may be operated in vertical position only, 
base down. Outline 56, Outlines Section. Except for physical dimension and base, 
the 8008 is identical to type 872A. 
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Technical Data 



POWER TRIODE 

Thoriated-tungsten-filament type having , 
filament mid-tap used aa rf power amplifier and ' . ' 

oscillator. May be used with full input up to 
500 Mc. For operation at 600 Mc, plate voltage 

should be reduced to 70 per cent of maximum 80 1 2/% ' 

rating. May be mounted in vertical position '■ - - 

only, filament end down or up. Maximum length 
(excluding flexible leads), S-5/16 inches; maxi- 
mum radius, 1-5/64 inches. Filament volts 
(ac/dc), 6.S; amperes, 1.92. Direct intereleetrode capacitances: grid to plate, 2.6 ftut; grid to filament 
mid-tap, 2.7 nnt; plate to filament mid-tap, 0.4 ji^uf. Maximum CCS ratings as RP POWER AMPLI- 
FIER, Class C Telegraphy service: dc plate voita, 1000. max; de grid volts, -200 max; dc plate ma., 80 
mca; dc grid ma., 20 mux; plate input, 50 max watts; plate dissipation, 40 max watts. Forced-iur cool* 
ing is required when plate diaaipation exceeds 75 per cent of the maximum rated value. Plate shows an 
orange-red color when tube is openited at mulmuai.GGS rftttngs. The 8012A is a DISCONTINUED 
type listed for reference only. 




POWER TRIODE 

Thoriated-tungsten-filament type having 
filament raid-tap used aa rf power amplifier and ■ . ~ 

oacillator. May he used with fuh input up to 500 

Mc. For operation at 600 Mc, plate voltage 8025A 
should be redured to 70 per cent of maximum 
ratings. Class C Telegraphy maximum plate dis- 
sipation, CCS 40 watts with forced-air cooling, 
ICA3 30 watts with natural cooling. Requires 
Small four-contact socket and may be mounted 
in vertical position only, base down or up. Maximum length, 4-11/16 inches; maximum radius, 1-5/64 
inches. Filament volts (ac/dc), 6.3; amperes, 1.92. Direct intereleetrode capacitances: grid to plate, 
3.0 titif; grid to filament mid-tap, 2.7 ^f ; plate to filament mid-tap, 0.4 hiaI. Maximum CCS ratings as 
RF POWER AMPLIFIER, Class C Telegraphy service: dc plate volts, 1000 max; dc grid volts, -200 
max; de plate ma., 20 max; plate input, 75 77iax watts; plate dissipation, 40 max watts. Forced-air cool- 
ing is required for operation near maximum ratings. Plate shows an orange-red color when tube is oper- 
ated at maximum CCS ratings and a bright orange-red color at maximum ICAS ratings. The 8d2SA is 
|l ©BSeONTINtJEp type listed for referep?e only. 




CAPS NEARER BASE 
CAPS NCARCR BULB TIP 



CAP H CYLINDER 
RING. H, P- 




BEAM POWER TUBE 



Small, ceramic-metal, conduction- «r\-rrt 
cooled, heater-cathode type having pre- O w/ 2 

cision-aligned grids, and used as linear 
rf power amplifier and rf power ampli- 
fier and oscillator in mobile or fixed 
equipment where the use of cooling air may not be practical. Useful with full input 
at frequencies up to 500 Mc. Type 8072 requires a special 11-contact socket such as 
Mycalex No.CP4G4-2, or equivalent, and may be operated in any position. OUT- 
LINE 80, Outlines Section. For thermal considerations, see Power Xnataflaiwn 
Section. 



Hbatbr Voltage Range (ac/dc)! 12 to 15 

HBATEB CURRBNTat 18.S TOits 1 3 

MlNUUM HeATINQ TiMB 60 

Mu-Factor, Grid No.2 To Gmd No.1^ . . . . 11 

DI^Ecr I^r^BBBLBGTBODB Cafacitancbs:" 

Grid No.l to plate g 

Grid No.l to cathode ; IS 

Plate to cathode 0 Oil 

Grid tjo.l to grid No.2. ' 22 

Grid No. 2 to plate g 5 

Grid No.2 to cathode i , 8*2 

Cathode to heater ^-^ 3 4 

Terminal Temperature {Ail terminals) 1". 250 mac 

Plate Coke Temperature (See di^menaional outline) 250 max 

ie Wttt jUai^^tB, 260; ffri4-^o.2 volts, 200; ^ate amperes, 1.2. 
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volts 
amperes 
seconds 
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LINEAR RF POW€R AMPLIFIER 
Single-Sideband Suppressad-Carrier Service 
Peak envelope conditions for a. sjjmal Juuing a-mhtimHtn peah-to-averane power roHo of t 

Maximum CCS Ratings: Up to 600 Me 

DC Plate Voltage .-; 2200 max volts 

DC GRir>-No.2 Voltage 400 mo* volte 

DC Grid-No.1 Voltage ; .. . -100 mtra volte 

DC Plate Current at Peak op Envblopo. ; 450 'mm ma 

DC Grid-No.1 Current . v; 100 max ma 

Plate Dissipation lOO^nunr mtttji 

GsiD-No.2 Input ' 6 max watte 

Peak Heateh-Catiioui; Voltage: 

HKater negative with respect to calhode 150 mux volts 

Heater positive with respect to cathode 150 max volts 

Typical CCS Operation witli Two-Tone Modulation: At 30 Mc 

DC Plate Voltage 700 volte 

DC Griil-No.2 Voltage^ 250 volte 

DC Grid-Mo.l Voltage^ -20 volts 

Zero-Signal DC Plate Current 100 ma 

Effective RF Load Resistance 1420 ohms 

DC Plate Current at Peak of Envelope 205 ma 

AveratEe DC Plate Current : 150 ma 

DC Grid-No.2 Current at Peak of Envelope." 16 ma 

Average DC Grid-No.2 Curreiit ; 10 ma 

Average DC Grid-No.l Current 1.0* ma 

Peak-Envelope Driver Power Output. (Approx.)* 0.3 watt 

Output-Circuit Efficiency (Approx.) .' .' 95 per cent- 

Distortion Products Leveliji 

Third order 30 db 

Fifth order , 35 db 

Useful Power Output (AppfOX.):** 

Average , 40 watts 

Peak Envelope . 80 watte 

Maximum Circuit Values: 

Grid-No. 1-Circuit Re^tance, Under any condition: 

With fixed biaa. 25000 max ohms 

RF POWER AMPURER AND OSCILLATOR— Class C Tvlagraphy 

and 

RF POWER AMPUFIER— Pass C f M Telephony 

Maximum CCS Ratings: Vp to BOO Me 

DC Plate Voltage •. , , . . . 2200 max vdto 

DC Gttiu-No.2 Voltage...., „.. - 400 max volte 

DC Grid-No.1 Voltage... , -100 max volts 

D C Plate C ukhrnt . , 300 max ma 

DC Grid-No.1 Current 100 max' ma 

Grid-No.2 Ini'ut g max watte 

Plate DiasifAiiON- , , . 100*nuKE iratte 

Peak Hkateb-Cathode Voltage: 

Heater negative with respect to cathode 150 ina.r volts 

Heater positive with respect to oathode 150 max volts 

Jn Grid-Drive Circuit 

Typical CCS Operation: , ' . AtSOMe AtlTSMc Ati70Me 

DC Plate Voltage 600 : 700 600 700 700 volte 

DC Grid-No.2 Voltage ,. . . . . 160 175 200 200 200 volte 

DC Grid-No.l Voltage -10 -10 -30 -30 -30 volte 

DC Plate Current 300 300 300 300 300 ma 

DC Grid-No.2 Current 25 ■ 25 30 20 10 ma 

DC Grid-Nu.l Current 50 50 - 40 40 20 ma 

Driver Power Output (Approx.)t 1.2 1.2 3 3 5 watts 

Useful Power Output** 85 110 70 105 85 watte 

Maximum Circuit Value: 

Orid-No.l-Circuit Resistance, Under any condition: 

With fixed bias 25000 ohma 

^I^il^i|to.J! Circuit Impedance , 

WUiit^ CJircuit Impedance ; 
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t Because the cathode ia subjected to back bombardment as the frequency is increased with resultant 
increase in temperature, the heater voltage Bhouid, for optimum life, be reduced to a value such that at 
the heater voltage obtained at minimum supply voltage conditions (all other voltages constant), the 
tube performance just starts to show some degradation; e.g., at 470 Mc, heater volts *12.5 (Approx.)- 

• Measured with special shield adapter, 

• The maximum rating for a signal having a minimum peak-to-average power ratio less than 2, such as is 
obttdned in single-tone operation, is 300 ma. During short periods of circuit adjustment under Single- 
tone oonditions, the average plate current may be as high as 460 ma. 

• Maximum plate dissipation is limited by the maximum plate core temperature and the cooling system 
to maintain tube operation below the specified maximum plate core temperature. With simple low-cost 
cooling techniijues, maximum plate dissipation may be only about 100 watts; with more sophisticated 
cooling techniques, maximum plate dissipation may be as high as 800 vmtts. 

° Obtained preferably from a separate well-regulated source. 

* This value represents the approximate grid-No.l current obtained due to initial electron T^ocities 
and contact-potential effects when grid-No.l is driven to zero volts at maximum signal. 

* Driver power output represents circuit leases and is the actual power measured at input to Krid-No.l 
circuit. The actual power required depends on the operating frequency and the circuit used. The tube 
driving power is approximately zero watts. 

# -'^th maximum sj^al output used as a reference, and without the use of feedback to enhance linearity. 
*'* This value of useful power is measured at load of output circuit. 

® The tube should see an efiFective plate supply impedance which limits the peak current through the 
tube under surge conditions to 15 amperes. 

t Driver power output include circuit losses and is the actual power measured at the input to the grid 
circuit. It will vary depending upon the frequency of operation and the circuit used. 



TYPICAL-PLATE CHARACTERISTICS 



1 1 t 1 

TYPE 8072 

- HEATER VOLTS = 13.5 
GfllD-No.2 VOLIS = 350 
GRID-No. I VOLTS" Eci 
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TYPICAL CHARACTERISTICS 
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=i RCA Transmitting Tubes 

. POWER PENTODE 

' / Miniature heater-cathode type ^|(3yji_rE^^ 

^^C^ used in mobile communication equip- I lv-^--"7vj.-^ 

/ w J*r ment operating from 12-volt storage- [/^''^ 

battery systems. Used in Class C rf . (Jt^-^^^I}; 

power-amplifier, oscillator, and fre- ^ is 
quency-multiplier service at frequencies up to 40 Mc; also used in modulator and af 

power-amplifier applications. Requires Miniature nine-contact socket and may be 
operated in any position. Outline 6» Outlines Section. During manufacture, this 
tube is subjected to special controls and tests for heater-cycling, heater-cathode 
leakage, interelectrode leakage, low-frequency-\dbration peiformance, 600-hour in- 
termittent life performance, and intermittent shorts. 

Heater Voltage Ranoe (ac 'dc) 12 to 15 volts 

Heatkr Current (Approx.) at 13.5 volts 0.275 ampere 

Direct I mterelectrodb Cafacitancbb (Approx.);" 

Grid No. 1 to Plate 0.063 fit^l 

Grid No.l to All Other Electrode.^ except Plate 10.2 ^lyf 

Plate to Ail Other Electrodes except Grid No.l 3.5 nni 

" Without external shidd. 

AMPUHER— Class At 

Maximum Rotings: 

Plate Voltage 330 max vo\ts 

Grid-No..1 Voltage ' 0 max volts 

Grid-No. 2 Voltage 180 max , volts 

Grid-No.1 Voltage: 

Negative-bias value , , , 55 max volts 

Poaitive-bias vaiuu 0 max volts 

Grid-No.2 Input 1 max watt 

Plate Dissipation S max watts 

Pbak Hbatbr-Cathodb Voltagb: 

Heater negative with respect to cathode 120 max v<dts 

Heater positive with respect to cathode. 120 max volts.- 

Characteristics With 13.5 Volts on Heaters 

Plate Supply Voltage 250 volta 

Grid-No.3 Connected to cathode at socket 

Grid-N 0.2 Voltage 150 volta 

Cathode Resistor 120 ohms 

Plate lieaiatance (Approx.) 0.1 megohm 

Tranaconductance 11500 ^jmhos 

Plate Current 19 ma 

Grid-No.2 Current 3.5 ma 

Grid-No.l Voltage (Approx.) for plate f(a-*20^ -10 virfts 

Maximum Circuit Values: 

Grid-No.l-Circuit Resistance: 

For fixed-bias operation. 0.1 max megohm 

For cathode-bias operation 0.25 max megohm 

RF POWER AMPURER AND OSCILLATOR— Class C Telegraphy 

and 

RF POWER AMPUFIER— Clan C FM Telephony 

Maximum CCS Ratings: 

DO Pl.\te Voltage SOO ?nax volts 

DC Grid-No.3 Voltage 0 max volts 

DC Gbid-No.2 Voltage 175 max volts 

DC Grid-No. 1 Voltage. -50 max v<dts 

DC Plate Current 33 max ma 

DC GR!D-No.2 Current 5.5 max ma 

DC Grid-No.1 Current 3 max ma 

GRlEh-No.2 Input 1 max watt 

PtjhTB Dissipation 5 max watts 

Pbak Hhati8<Catroi>b Voltaqb: 

Heater negative with respect to cathode 120 max volts 

Heater positive with respect to cathode 120 max vidta 
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Typical Operation with 13.5 Volts on Heater: At frequencies up to J,0 Mc 



DC Plate Voltage 


200 


250 


300 


volta 


Grid No. 3 ; 




Conuected to cathodn at socket 






146 


175 


volts 


DC Grid-No. 1 Voltage 


-7 


-9 


-12 


volts 


Peak RF Grid-No.l Voltage 


y 


11 


16 


volts 


DC Plate Current 


14.5 


20 


26 


ma 




3 


4.1 


6.6 


ma 




0.6 


0.8S 


1 


ma 






12 


15 


- JOttW'. 






2.7 


4 


watts 



Maximum Circuit Valuesc 

>^Mt?E<ifo.l-Cireuit BeoUtance 0.1 max megohm 



FREQUENCY MULltPLIER 



Maximum CCS Ratings: 







volta 






volts 






volts 






.volts 






ma 






Tffa 






ma 






watt 






watta 


Peak Heateb-Cathode Voltage: 










volta 






volta 



Typical Operation as Doubler: At frequencies up to UO Me 



' DC Plate Voltage 


200 


250 


300 


volta 




Grid No.3 




Connected to cathode at socket 




DC Grid-No.2 Voltage 


115 


145 


175 


volts 




DC Grid-No.l Voltage 


-16 


-20 


-25 


volts 








24 


31 


volts 








15 


20 


ma 








8 ■ 


4 


ma 






0.8 


0.46 


0.6 


ma 






6 


» 


18 


mw 






1.4 


1.9 


2.6 


watta 





Maximum Circuit Values: 

Grid-No.l-Circuit Resistaace 0.1 intw megohm 



AVERAGE CHARACTERISTICS 




PLATE VOLTS W» -B7T7T 
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BEAM POWER TUBE 



RING a 



8121 




18.5 


Tolta 


l.S 


amperes 


60 


secoads 


12 




0, 13 max 




16 




0.011 




22 


lild 


6.6 


Hilt 


8.2 


Hid 


3.4 


Hid 


260 max 


•c 


260 max 





Small, ceramic-metal, forced-air- 
cooled, heater-cathode type having pre- 
cision-aligned grids; used as linear rf 
power amplifier and rf power amplifier 
and oscillator in mobile or fixed equip- 
ment. Useful with full input at frequencies up to 500 Mc. For plate and average 
characteristics curves refer to type 8072. 

HBATER VOLTAGB (AC/DC)J 

Hbatkr CtntRBNT at 13.6 volts 

MiNiHuu Heating Tiub 

Mu-Pactor, Grid No.2 To Grid No.l'k 

Direct Intbrblexitrodb Capacitances:" 

Grid No.l to plate 

Grid-No. 1 to cathode 

Plate to cathode , 

Grid No.l tOKridNo.2 

, Grid No.2 to plate 

Grid No.2 to cathode 

Cathode to heater 

TasMlNAL Tbmphbature (All termiaals) 

Radiator Cobb Tbupbraturb (See itimeiuional outline) 

jl^BiK^!^ v<ritB, 460; Srid-No.2 rolta, 826; plate amperes. 1.2. 

LINEAR RF POWER AMPLIFIER 
Single-Sideband Suppressed-Carrier Service 
Peak envdope conditions for a sigiMl having, a minimum p9ak4l>~aMrage power ratio of ^ 
Maximum CCS Ratings: 

DC Platr Voltage ■, 

DC Grid-No. 2 Voltage 

DC GitiD-N'o.l Voltage 

DC Plate Current at Peak of Envelope 

DC Grid-No.1 Current 

Plate Input 

Gbid No.2 DiasiPATioN 

Fbax Hbatsb-Cathodb Voltage: 

Heater negative with respect to cathode 

Heater positiTe with reepect to cathode ; 

Typical CCS Operation with Two-Tone Modulatiom At SO Me 

DC Plate Voltage 

DC Grid-No.2 Voltage* 

DC Grid-No.l Voltage* ; ^ , . . . . ; 

Zero-Signal DC Plate Current 

Effective RF Load Resistance '. ■ 

DC Plate Current at Peak of Envelope 

Average DC Plate Current 

DC Grid-No.2 Current at Peak of Envelope 

Average DC Grid-No.2 Current 

Average DC Grid No.l Current 

Peak-Envelope Driver Power Output (Approx.)' 

Output-Circuit Efficient^ (Approx.) ; 

DistortioD Products I^evel:* 

Third order 

Fifth Order 

Useful Power Output (Approx.): 

Average)? 

Peak envelope^ i , 

Maximum Circuit Values: 

Grid-No. 1-Circuit Kesistance, Under any ccmditions: 

With lixed bias 25000 max ohms 

With fixed bias (In Class ABi operation). . . .■ , 100000 max ohma 

With cathode bias ,, Not recommended 

Grid-No.2 Circuit Impedance 10000 max ohms 

Plate Circuit Impedance. . See note ** 



Up to 500 Mc 




2200 max 


volts 


400 max 


volts 


-100 max 


volts 


450"m<jx 


ma 


100 max 


ma 


150 max 


watts 


8 max 


watts 


160 max 


volts 


160 max 


volts 



1000 


1600 


volts 


250 


250 


volts 


-20 


-20 


volta 


100 


100 


ma 


2270 


3800 


ohms 


210 


210 


ma 


160 


160 


ma 


10 


10 


ma 


7 


7 


ma 


0.08° 


. 0.05° 


ma 


0.3 


0.3 


watt 


90 


86 


% 


36 


SS 


db 


40 


40 


db 


56 


86 


watts 


110 


170 


watte 
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RF POWER AMPLIFIER AND OSCILLATOR— Glass C Telegraphy 

and- 

RF POWER AMPLIFIER— Class C FM Telephony 

Maximum CCS Ratings:' Uplo 500 Mc 

DC Platb Youcagb 2200 max volts 

DC Grid-No.2 Voltage ; , 400 max volts 

DC Gkid-No.1 VOLTAoa -100 volts 

DC Plate Current 800 max ma 

DC Grid-No.1 Cubbbnt. loo max mn. 

Gkid-No.2 Dissipation. 8 max wstts 

Plate Dissipation ISOnutx watta 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 150 max volts 

Heater positive with respect to cathode 150 max volts 

Typical CCS Operatiom in grid-drive eireuit At 50 Me At Ji70 Me 

DC Plate Voltage 700 1000 1600 700 1000 1500 volta 

DC Grid-No.2 Voltage 176 200 200 200 200 200 volts 

DC Grid-No. 1 Voltage -10 -30 -SO -SO -80 -80 volta 

DC Piute Current 800 300 800 800 300 800 ma 

DC Grid-No.2 Current 25 20 20 10 10 6 ma 

DC Grid-No.l Current 50 40 40 80 30 30 ma 

Driver Power Output (Approx.)® 1.2 2 2 5 5 6 watts 

Useful Power Output 120§ 175# 27^1 lOOf 165t 285t watts 

Maximum Circuit Vohies: 

Grid-No.l-Circuit Resistance, Under any condition; 

With fixed bias 25000 max ohms 

Grid-No.2 Circuit Impedance 10000 max ohms 

Plate Circuit Impedance ', gee note ** 

t Because the cathode is subjected to ha,^ bombardment as the frequency is increased with r^ultant 
increase in temperature, the heater voltage should, for optimum life, be reduced to a value such that at 
the heater voltage obtained at minimum supply voltage conditiona (all other voltagea constant) the 
tube performance just starts to show some degradation; e-g., at 470 Mc. heatear ToltB">12.S (Approx.) 
" Measured with special shield adapter. 

■ The maximum' rating for a signal having a minimum j»eak-to-a'TOrage power ratio lesa than 2, such aa 
Is obtained in single-tone operation, is 300 ma. During short periods' of circuit adjustment under single- 
tone conditionSi the average plate current may be as high as 450 tna. 

• Obtained preferably from a separate, well-regulated source. 

°Thi3 value represents the approximate grid-No.l current obtained due to initial electron velocities and 
contact-potential effects when grid-No. 1 ia driven to zero volts at ma.ximum signal. 
*Driver power output represents circuit losses and is the actual power measured at input to grid-No.l 
circuit. The actual power required depends on the operating frequency and the circuit used. The tube 
driving power is approximately zero watts. 

* With maximum signal output iised as a reference, and without the use ot feedback to enhance linearity. 
*ThiB i^ue of useful power i? measured at load of output drcult. 

. **The tube sh(»dd see ui eSeotive pSate supidy impedance whicb limits the peak current threiuch the 
tube under surge conditioDB to 16 amperes. 

®Driver power output includes circuit losses and ia the actual power measured at the input to the grid 
drcuit. It will vary depending upon the frequency of operation and the circuit used. 
tMeaaured in a typical coaxial-eavity circuit. 

OPERATING CONSIDERATIONS 

Type 8121 requires a special 11-contact socket such as Mycalex No.CP464-2, 
or equivalent, and may be operated in any position. Outline 79, Outlines Section. 

Adequate forced-air cooling must be provided simultaneously with electrode 
voltages to limit the radiator core and terminal temperatures to their specified values. 

BEAM POWER TUBE 

Small, ceramic-metal, forced-air- 

' cooled.heater-cathodetypehavingpre- fil OO 

e cision-aligned grids and used as linear O I 

' vM^^T^ir rf power amplifier and rf power ampli- 

i^^aJ^^Tj \ fier and oscillator in mobile or fixed 

^ equipment. Useful with full input at 

** frequencies up to 500 Mc, 
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RCA Transmitting Tubes 



Heater Voltage (ac/dc)} '. 13 , 5 

Heater Current at 13.5 volts 1.8 

Minimum Heating Time 60 

. Mu-Factor, Grid No.2 To Grid No.l:jt ..." 12 

Direct Interblectrodb Capacitances;* 

Grid No.l to plate Q.13 max 

Grid No.l to cathode ...... r. ; 16 

Plate to catiiode ; 0.011 

Grid No.l to grid No.2 1 22 

Grid No.2 to plate . .' 6.5 

Grid No.2 to cathode 3.2 : 

Cathode to heater 3.4 

Terminal TsidppEtATUBB (All terminala) ■ 250 max 

RXdiator Cobb Tbmpbsatubb (See dimeoflional outline) 250 max 

•k For plate ytAta, 450; grid-NoJZ volts', 826; {date amperes, 1^. 



volte 
anfqieies 



fliii 
mil 

ii/it 
•C 
•C 



LINEAR RF POWER AMPLIFIER 
Sihgle'Sldeband Suppretsed-Carrier Ser^M 

Peak eno9lop0 condiiiom for a ei^na) AaWnjr a minimum peak4(MW€rage power raHo'of S 

Maximym CCS Ratings) UptoSOOMe 

DC Plate Voltage 2200 max volts 

DC Ghid-No.2 Voltage ., 400 max volts 

DC Grid-No.I Voltage -100 max volts 

DC Plate Current at Peak of Envblopb ^^O'max ma 

DC Grid-No.1 Current 100 max ma 

Plate Dissipation 400 max watts 

Ghid-No.2 Input 8 iiiox waLta 

Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 150 max volts 

Heater positive with respect to cathode ; . 150 max volts 

Typical CCS Operation with Two-Tone Modulation! AASOMe 

DC Plate Voltage 2000 volte 

DC Grld-No.2 Voltage* 400 volts 

DC Grid-No.l Voltage* : ^5 volts . 

Zero-Signal DC Plate Current 100 ma^ 

EfTective RF lioad Reaietance ^ ; . 8050 ohms 

DC Plate Current at Peak of Envelope 385 ma 

Average DC Plate Current 260 ma. 

DC Grid-No.2 Current at Peak o£ Envelope 10 ma 

Average DC Grid-No.2 Current . . . . ; * . . e,'. 7 ma 

Average DC Grid-No.l Current 0.05° ma 

Peak-EnvelopeDriver Power Output (Approx.)* . 0.3 watt 

Output-Circuit Efficiency (Approx.) 90 per cent 

Distortion ProductB Level:* 

Third order 29 db 

Fifth order.. 82 cUs 

Useful Power Output (Approx.) : 

AversCe 19(V watts 

Peak envelope 880#, mtts 

Maximum Circuit Vahm: 

Grid-No.l Circuit Resistance, Under any conditio*: 

With fixed bias 26000 max ohovi 

With fixed bias (In Class ABi operation) ; . . 100000 max ohms 

With cathode bias Not recommended 

Grid-No.2 Circuit Impedance 10000 max. ohms 

Plate Cireidt Impedance See note *<*■ 



RF POWER AMPLIFIER AND OSCILLATOR— Clasj C Telegrophy 

and 

RF POWER AMPLIFIER— Claw C FM Telephony 



Maximum CCS Ratlngai 


UptoSOOMe 








volte 






volte 






volts 






jna 






,nw 
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Grid.No.2 I^fI•UT 8 ^^tts 

■PlaTEDissiPATION 400 max watts 

■ Peak Heater-Cathode Voltage: 

Heater negative with respect to cathode 150 max volts 

Heater positive with respect -to cathode 150 max TOtti 

Typical CCS Operation: /„ Grid-Drive Circuit at 50 Mc 

DC Plate Voltage 700 1000 1500 2000 volts 

DC Grid-No.2 Voltage . 175 200 200 200 volts 

DC Grid-No.l Voltage -10 -30 -30 -30 volts 

DC Plate Current 300 800 800 800 ma 

DC Grid-No. 2 Current 25 20 20 -20 ma 

DC Grid-No.l Current 60 40 40 80 ma 

Driver Power Output (Approx.)®. 1.2 2 2 2 watts 

Unful Power Outpttt]i> 120 175 275 375 watts 

In Grid-Drive Circuit at !ttO Mc 

DC Gnd-No.2 Voltage 200 200 200 200 volts 

DC Grid-No.l Voltage -30 -30 -30 ^0 " ^Slg 

DC Grid-No.2 Current 10 10 6 6 ma 

DC Grid-No.l Current 30 30 80 '80 ma 

Driver Power Output (Appro.'!.)® 5 5 5 5 watts 

Useful Power Outputf 100 1S5 285 - 800 watts 

Maximum Circuit Values: 

Grid-No.l Circuit Resistance, Under any condition: 

^'^i • ■ ■ i • 25000 max ohms 

Grid-No.2 Circuit Impedwice 10000 nwia; ohms 

FiBte Circuit Impedance See note 

X Because the cathode ia subjected to back bombardment as the frequency is increased with resultant 
increase ui temperature, the heater voltage diould, for optimum life, be redu<^ to a value such that at 
the heater voltage obtained at minimum supply voltage conditions (all other voltuea constant) the 
tube performance just starts to show some d^^dation;«.g., at 470 Mc».heateT volts* 1^.5 (epprox.). 
° Measured with special shield adapter, 

• The maximum rating for a signal having a minimum peak -to-average power ratio less than 2 such 
aa 13 obtained in single-tone operation, is 300 ma. During short periods of circuit adjustment under 
aingle-tone conditions, the average plate current may be as high as 450 ma. 

• Obtained preferably from a separate, well-regulated source. 

° This value represents the approximate grid No.l current obtained due to initial electron velodties 
and contact-potential effects when grid-No.l is driven to zero volts at maximum signal. 

• Driver power output represents circuit losses and is the actual power measured at input to grid-No 1 
circuit. The actual power required depends on the operating frequency and the circuit used. The tube 
driving power is approximately zero watts. 

• Wth maximam signal output used as a reference, and without the use of feedback to enhance linearity. 
I This value of useful power is measured at load of output circuit. 

♦* The tube should see an effective plate supply impedance which limits the peak current through the 
tube under surge conditions to 15 amperes. 

® Driver power output includes circuit losses and is the actual power measured at the input to the grid 
circuit. It will vary depending upon the frequency of operation and the cir-cuit used, 
t Measured in a typical coaxial-cavity circuit. 

TYPICAL PLATE CHARACTERISTICS 
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TYPICAL COOLING 
REQUIREMENTS 



TYPICAL CHARACTERISTICS 




200 400 600 600 
PLATE VOLTS 

92CM-II293T 



6 
5 

S 4 



TYPE 8122 

AIR FLOW DIRECTED THROUGH RADIATOR 
WITH AIR CHIMNEr SK-eOfi (EITEU- 
McCULLOUGH INLAND SOCKET 
CD464-2 tUYCALEX COM> Of AMERICA) 

AND ar-mss capaotor {lf jOHNsorr 

CO.) 

PLATE- CORE TEMR-250^ 
INCOMING-AIR TEIM>-24*C. 
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100 200 300 400 
PLATE DISSIPATION -WATTS 
(SOLID LINE) 

0 0.2 0.4 0.6 0.8 
PRESSURE DROP -INCHES OF WATER 
(DASHED LINE) 

92CM-II299T 



OPERATING CONSIDERATIONS 

Type 8122 requires a special 11-contact socket such as Mycalex No.CP464-2, 
or equivalent, and may be operated in any position. Outline 81, OuiXine^ Section. 

Adequate forced-air cooling must be provided simultaneously with electrode 
voltages to limit the radiator core and terminal temperatures to their specified values. 



9002 



MEDIUM-MU TRIODE 

Seven-pin miniature heater-cathode . type 
used as af amplifier and as rf amplifier and oscil- 
lator at frequencies up to 500 Mc. Class Ai Am- 
plifier maximum CCS plate dissipation (design- 
center value), 1.6 watts. Direct interelectrode 
capacitances: grid to plate, \A tifif; grid to cath- 
ode and heater, 1.2 ;ifif; plate to cathode and 
heater, 1.1 /i^xf. Requires Miniature seven-con- 
tact socket and may be operated in any position. 
Maximum ovu-aU length, 1-3/4 inch; maximum diameter, 3/4 inch. Except for interelectrode capaci- 
tances, tha 9002 is eleetrtcally identieal w^th type 956. Tha 9002 ia a BZSCONTINUBD t^rpe listed for 
reference only. 
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Tube-Part Materials 
Used in RCA-813lBeam Power Tube 



1. MEDuniMETALCAP— nickel-platedbraas 

2. Plate Connector— nickel 

3. Filament Support Springs— tungsten 

4. Mount Spacer — nickel-chromiuin strip 

5. Mount Support— ceramic 

6. Top Shield— nickel 

7. Heavy-Duty Filament— thoriated 
tunjjsten 

8. Plate — zirconium-coated nickel 

9. Alignbd-Turn Control Grid (Grid 

No. 1) AND SCKBBN GRID (GRID NO.2)— 

m^bdenum 



10. Bulb or Envelope — hard gla^ 

11. Beam-Forming Klbctrode— nickel 

12. Plate-Support Spacer — ceramic 

13. Bottom Shield Disk— nickel 

14. Filament Connector— nickel-plated 
steel 

15. Directive-Type Getter 

16. Molded-Flare Stem — hard glass 

17. Giant Base- aluminum with ceramic 
insert 

18. Tungsten-to-Glass Seal 
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Outlines 



OUTLINES 1-11 



16 



-I- 



^■•'32 




'16 



--21 



2 1/^ , 



— oca^ 




-2- 




■ ^ .400 MAX. 
r^,366 MIN. 



,050 MAX. 
Li.--iTiNN£D 



OlA. 




.OiO MAt. 
UMTINNED 
6 FLEXIBLE LEADS 




-3- 



-4- 



-5- 



MAS. 



i 



.37 



thz MAX, 



111¥ 

-6- 



.42 5 



n 



U-l^ie MAX.-* 

-7- 



1.973 
MAX 



\ MAX. p— 



MAX. 



2 '"6 

MAX. 



j_W 



-8- 



MAX. 



2^/6 
MAX. 



-9- 



1 -i h^^- 



sis , I , 2.o; 

_T ! L^r-i.03t WA 

I 



MAX. J_ 



U 



-10- 



'32' 



.3,3,7 
±^-32 



-11- 



" ladudias ecceatriclLy. 

'* Measui-od from bulb seat to bulb-tup liae as deterndned by rioe cause of 0.210" ^ 0.001' 
** Measurod from base seat.to bulb-top line as determined by rine^&uge of 7/16" I.D. 
NUT£: Whore uails are nut ffiven, dimcnuons are in inches. 
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OUTLINES 12-20 
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OUTLINES 21-29 




*Zone where condensed-meroiry temperature sliould bo measured. 
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OUTLINES 30-38 




-36- -37- -38- 

* SpediU Butt4»i OUitt 5-piii base. 
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RCA Transmitting Tubes 
OUTLINES 39-47 





OUTLINES 48-53 
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OUTLINES 54-58 



■2^i. MAX.- 



MEDIUM 
— CAP 



T\6 



a 





1 







-54- 




MEDIUM 
r-CAP 



T20 



-55- 




-56- 



(20 MAX. 




-Sa? 4.003 
2 TERMINALS 




•57- 



-56- 



* Zone where condensed-mercury temperature should be measured. 
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OUTLINES 59-63 




* ZeiLe where condenaed-mercury temperature should be measured. 
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RCA Transmitting Tubes 
OUTLINES 64-67 




* Zoz^e w.l)ere condensed-mercury temperature should be measured. 
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OUTLINES 68-73 



1 



ri-020 



.320 ^MIN 



-A)C ; .on 1 
.627 

.as 

.760 

■025 i.oi5 ±.025 
J L I 



Z HEATER P!NS 
J020+.002-.005 WA.- 



MAX. 

J020 (AT TPS) 




.220SJ)20 



' S HCATCR PINS 



:H5±.040AT TIPS 
OF PWS 



-68- 



-69- 



1 r-= 



2iO S.003 




.040 MAXrJZi U-,Pia ±,040 AT 
.020* .002 OlA.^ TIPS OF piue 

2 HEATER PINS "^^ ""^ ™* 

-70- 



^230 MAX. 




.020 1. 002 OIA 
2 HEATER PINS 



.115 1.040 AT 
TIPS OF PINS 



-71- 



1.010 MA/ - 




.550 
t.025 



.610 \ _4 

t.025 -600 

iMIN. 



^ ^RAOIATOB 



J5 



-.553 MAX. 



U — :400 MAX. 
-.250 1.003 



T .tli -.020 AT _J 

iflo Tips of pins ^ 



«0 



-72- 



2 HEATER PfftS 



.2Mj^AX.- 



.290 1 .005" WA.-' 



MZ ±Mi DIA.- 



.3)2 MAX. 

T 



. .560 
MIN. 



T 



.855 
t.020 



MT' MAX. DiA,-« 



1 

;^0i2 t.003 i 
-J J -1. 



.375 t.OO 



S.I2S 
MAX. 



1.312 MAX.OIA.-*^ 



.4«0 

IL. 



-73- 
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RCA Transmitting Tubes 
OUTLINES 74-76 




.425" MAX 



I-. .2a3"±".062" -i^n 
MAX. T 



■.I'MAX. 

RF COAXIAL 
OUTPUT TERMWAl. 
.151"+ .003" WA., 
305"* ,010" ^ 





r<-.l5r±.003-DIA.]O^^PUT^l_ 



CATWeE Uf-^ 



I z'HlATER°fEMMNAL$ 



EXHAUST-TIP COVER 
(MAKE NO CONNECTKM) 



PLATE TERMINAL 
CONTACT SURFACE 



GR1D-N0.Z TERMINAL 
CONTACT SURFACE 

GRID-No.1 TERMINAl. 
CONTACT SURFACE 



.lOr MAX.- 




._J.I50" MrN. 
DIA. - 

HEATER -CATHODE 

TERMINAL 
CONTACT SURFACE 



hfEATER TERMINAL 
CCMTACT SURFACE 



-CENTCRtNO m 
-.073' MM. jOariiUX.DU. 



.525" 
.073" MIN.- 



ma STIPPLED noiON note z 

CERAMK 



-76- 

* Applies to types 6562 and 6562/5794A only. Type 5794 does not have cathode tab and length of 
Heater terminal is only 0.200" * 0.040". 

NOTE 1: Stippled region (which extends around tube) indicates recommended dampins and contact 
wea. 

NOTE 2: Keep stippled resions dear; do not allow contacts or circuit components to protrude into 
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OUTLINES 77-80 



CERAMIC 

STIPPLEO 
REGION 
NOTE I 




PLATE TERMINAL 



GRIO'No.2 TERMIMAL- 
CONTACT SURFACE 



■1.426" t .010' OIA.- 



-80- 



N.OTE 1: Keep stippled reeions clear; do not allow contacts or circuit components to pi^EiiJ7t|^e into. , 
tbeae annular volumes. > ' . ' ' 



285 



RCA TransmUUng Tubes 



OUTLINES 81-82 



PLATE TERMINAL 
SMALL CAP 



PtATC IXRMINAL 



1.25 MAX,— 
OIA. 



GRID-No.2 TERMWAL 
CONTACT SURFACE 



CERAMIC 

ESS STIPPLED 
REQION 
NOTE I 




L625" ± .015" OlA.- 




-RADIATOA 



t ^ MAX. DIA. 



534 




aRIO-No.2 TERMINAL 
MAKE NO CONKCTIOI 

^ TO THIS aSPAce 



.458' MAX 
-.088' ± .020' 
6fH0-Ne.l TERtSNM. 



J045" R. 



-82- 

NOTj; 1: Keei>^t4ppled x^riona clear; do not allow conta^cts or dreuit componetits to protrude Into. 
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OUTLINES 83-84 



UK', 



.790". 
*.040 



■ 1.625" t. 015" DIA.- 



,5ea" 

■t-.0O5" -I- 
-.009" 
DIA. 



RADIATOR 



.780' 
t030' 

I ^.020" , 



.IB7' 

MIN."1 



I ' MIN.— J 



1.406' MAX. EMA. 

GRID-No.2 TERMINAL 

'MAKE NOCONNKTKW 
TO THIS SECTKM 




a PINS _ 

■050" *J°°l' OIA. 



NOTE r- 



PLATE CORE- 



0,A.. 



&ATE TERMINAL 
(TACT AJRFACE »| 

OIA J 

1.74' n 

GBIO-Mo.2 TERMINAL 

CONTACT SURFACE • 

^Ta4?5«'- — 



HEATER -CATHODE - 

TERMINAL 
CONTACT SURMCE 



STIPPLED REGION 

, MOTE I 

CERAMIC 



m 



.755'. 

±.020" 



.240" 
MAX. 



m 



— ^ . 

_ .385" 
T ±.025" 
' t. 



±.029* 

1 i 



.101" MAX.- 
DIA. 



-^groiA,- 
.--||:d,a.- 



1.94" 
±.04" 



.40* 



■:-^"0'A. 



-.20" t .02" 



.HEATER TERMINAL 
CONTACT SURFMX 



NOTE 1: Keep stippled regions dear; do not allow contacts or circuit compmcnta to protrude into 
these annular volumes. Diameters of stippled anta above air-cooled radiator, plate-terminal contact 
nirfaee, and iErid-No.2 terminal ccmtaet surface sluUl not be greater than its associated diameter. 
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RCA-Transmitting Tubes- 



OUTLINES 85-87 



RaoiaTOR 




S60" ± .008" OIA. 

.385* mn. 



1.845" 

±.030" 



.960" 
±OIZ 



1.309", 

tazo" 



.650" ±.005" 
CIA. 



.3W mwt. jyjjjj 



■LJ 



PLATE TERMINAL 
! CONTACT SURFACE 

'--IAB7' ± .007" OIA. 
-1,030" i .005" DIA. 
jeS" MAX. DIA. 
\» ~ .78 4" ± .008" DIA, 

L.077'±.00a' 

-—GRID RF TERMINAL 

-.545" MAX. 
OIA, 



-ee- -*l 



U— .aiB"± .005" DIA. 
t^.320'±.OO5" DIA. 



PLATE - 
TERMINAL 



3.265 
3.216 



3.690" • 




. \ ft 









Air- 
cooled 
radiator 



T 1.47S' 
I *.Cf70" 



.895. 

± ,030 



REFERENCE 
LINE -, 




ESS MMCATES CCRAMC 
eUSHMG 

STIPPLED REGION 
NOTEl 

|;=«:d,a 

NOTE 1: Only this flange may be used aa a socket stop and clamp. 

NOTE 2: Keep stippled regions (dear; do not allow eontaets or drcuit components to protrude into 

these annular volumes. 



288 



O.ialines 



OUTLINES 88-90 



tig: 




OMTACT 



CATMOOe AMD 
HEATER TERMINAL 
CONTACT SURFACE 



-89- 



4 PINS 
.3I3*±.005* {HA. 



-90- 

NOTE 1: Keep stippled regiooB dear; do not allow contacts or circuit componentB to protrude into 
' j^KW anniUag volumes. 
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RCA Transmitting Tubes 
OUniNES 91-92 



2.056" ± .005"DlA.-»-| 

r" i .773"± ,007" DIA, 

I I „ 
'/-,. R ~*1 ^^!^~^! ±.004" DIA, 



«AX. .975" J_ 

iMIM. .637" 



fUOUTOR 



l'-t4 N.E aASS 2 
THREAD - 



.025 MIM.' 
(NOTES 4 a ei 




■ 2:000*1 OO'OIA.- 
5"i CHA.- 



— % MAX. OA. -91- 



GRID-No.2 
TERMINAL 




3.4 
3.365 

GRID-No.i . 
TERMINAL 3.126 MAX. DIA. 

CONTACT— — »i 

SURFACE 2.95lV^ 



CATHODE 
a HEATER 
TERMINAL 
CONTACT 
SURFACE 



BEVELED r*QT to 

Exceeo \" 



NOTE 1: Maximum eccentridty of the axis of tim grid-Lermirml flange with respect Lo tiie axis of the 
plate radiator is 0.040", measured within 1/32" of the boUum of the radiator. 

NOTE 2: Maximum eccentricity of the axis of the heater terminal with respect to the axis of the 
cathode-heater terminal is 0.020". 

NOTE^S: Maximum eccentricity of the axis of the cathode-heater terminal with respect to the axis- of 

the fcrid-terrainal flange is 0.020". 

NOTE 4 : Surface of annular area indicated by "A" on bottom of radiator is in the same plane within 

0.0U5", as determined by a gauge 1/16" wide and 0.005" thick. This gattge will nut enter more than 
1/16" with the bottom of the radiator resting on a flat plate. 

NOTE 5: Surface of annular area indicated by "B" on the grid-terminal flange is in the same plane 
within O.OOS", as determined by the gauge method described in Note 4. 

NOTJE 6: Surface of annular area indicated by "A" on bottom of radiator is parallel within 0.030" to 
the surface of the annular area indicated by "B" on the gi-id-terminid flanse. ^ 
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Outlines 



OUTLINES 93-94 
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RCA Transmitting Tubes 



LIST OF CIRCUITS 

Circuit No. 

Variable-Frequency Oscillator (2.5-4.0 Mc) , 5-1 

Variable-Frequency Oscillator (8.0-8.6 Mc) 5-2 

Crystal Oscillator for Fundamental Output 5-3 

Crystal Oscillator for Harmonic Output 5-4 

175-Mc Amplifier, Doubler, or Tripler 5-5 

Triode Amplifier, Class C Telegraphy Service 5-6 

Beam-Power-Tube Amplifier, Class C Telegraphy Service 5-7 

Push-pull Triode Amplifier, Class C Plate-Modulated Service 5-8 

Push-PuU Beam-Power-Tube Amplifier, 

Class C PlaterModulated Service. 5-9 

Class B Push-pull Triode Modulator (590 watts) 5-10 

Class B Modulator with. Type 807 in 

Special Triode Connection (120 watts) 5-11 

Class ABi, Push-PuU Modulator (100 watts) 5-12 

Class B Linear RF Amplifier for Single-Sideband 5-13 

50-Mc Transmitter (120 watts) 5-14 

Singie-Sideband Exciter (filter type) 5-15 

144-148 Mc Transmitter for Mobile Operation 5-16 

Five-Band 10-80 Meter Transmitter (90 watts) 5-17 

Typical Coaxial Cavity for Beam Power Tube 7650 5-lS 

462-Megacycle Transmitter for Fixed or Mobile Operation 5-19 

Transmitter Power-Supply Circuit 5-20 

Oscillator for Dielectric Heating (27 Mc) 5^1 

Oscillator for Induction Heating (450 kc) &.23 

VBpr Oscillator for Dielectric Heating (160 Mc) 5-23 
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Circuits 



The circuits presented in the fol- 
lowing pages have been included in this 
Manual primarily to illustrate the use of 
generictube types in diversifiedtransmit- 
ting and industrial applications. These 
circuits have been conservatively de- 
signed and are capable of excellent per- 
formance. Several of these circuits, 
namely 5-13, 5-15, 5-17, and 5-20, are 
based on circuits which have been de- 
scribed in articles in QST magazine. 
These circuits are used with permission 
of the American Radio Relay League. 

Although relatively few circuits are 

given, it is often practical to use a portion 
of one circuit in combination with por- 
tions of other circuits to obtain a design 
meeting specific requirements. In gen- 
eral, almost any circuit shown using 
a triode, beam power tube, or pentode 
type is equally suitable for any other 
tube type in the same generic group, 
provided the necessary revisions are 
made to meet the rating of the tube 
used. 

Electrical specifications are given 
for the circuit components to assist those 
interested in home construction. l*ay- 
outs and mechanical details are omitted 
l^ecause they vary widely with the re- 
quirements of individual set builders 
and with the sizes and shapes of the 
components employed. 

The results that may be expected 
by those undertaking construction of 
any of these circuits depend as much on 
tb« ^«^ity of the components selected 



and on the care employed in layout, 
construction, and adjustment as on the 
circuits themselvffl. 

The voltage ratings specified for 
capacitors are the minimum dc working 
voltages required. Where paper, mica, 
or ceramic capacitors are called for, there 
is no objection to using capacitors hav- 
ing higher voltage ratings than those 
specified, except insofar as the physical 
sizes of such capacitors may affect equip- 
ment layout. However, if electrolytic 
capacitors having substantially higher 
voltage ratings than those specified are 
used, they may not "form" completely 
at the voltages present in these circuits, 
with the result that the effective capaci- 
tances of such units may be below their 
rated values. The wattage ratings speci- 
fied for resistors assume methods of con- 
struction that provide adequate ventila- 
tion; compact installations having poor 
ventilation may require resistors of 
higher wattage ratings. 

Information on the characteristics 
and application features of each tube 
will be found in the Tube Types— Tech- 
nical Data Section of this Manual, or, 
for the receiving-type tubes, in the 7'uhc 
Types— Technical Data Section of the 
RCA RECEIVING TUBE MANUAL. 
This information, as well as the material 
in the early sections of this Manual on 
installation, application, and operation 
of power and rectifier tubes, will prove 
of assistance in understanding and uti- 
lizing the circuits 
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JtCA Transmitting Tubes 



VARIABLE-FREQUENCY OSCILLATOR 

Frequency 3.5 to 4.0 Mc (80 meters) Outi^ut 3 wafts (approx.) 

TYPE . TYPE 




Ci = 15 fi^il, ceramic, zero 

temperature coefficient 
C2=100 nnf, ceramic, negative 

temperature coefficient 

750 PPM 
C3=6-75 nfif, trimmer, air gap 

0.015 inch, Hammarlund 

APC-75 or equivalent 
Ci= 10-75 fiitt, trimmer, air gap 

0.060 inch. Bud or 

equivalent 
Ci Ce=0,001 tifii, silver mica, 

500 V. 

C7=100 nfif, silver mica, 500 v. 
Cs Ci Cti Cu Cu-0.01 fif> disk 

ceramic, 600 v. 
CitwlA.|ilH««flTer mics, 500 v. 



Ci;=20 ni, electrolytic 450 v. 
Cis Ci6=3-30 fifif, trimmer, mica 
Ji=C!osed-circuit jack for key 
Ji= Coaxial receptacle for P 
Li=28 turns of No. 18 Enam. 
spaced over 2% inches on 
1^-inch diameter ceramic 
form, National XR-18 or 
equivalent 
La Li==2.5 mh, 125 ma, rf choke 
1*4=8 henries, 80 ma, choke 
Ls = No. 26 Enam., close wound 
for 13/16 inch on 1-5/16- 
inch diameter (B & W Mini- 
ductor 3016 or eqidmlent 
may be used) 
Li>»8 turns No. 18 hookup wire 
wound on Jjt at "cold" end 



Lt=56 turns No. 26 Enam.raci- 
dom wound for approx. ^ 
inch on 1 J-f-inch-mamete 
coil form 

Ls=3 turns No. 18 hookup wire 
wound over "ground" end 
of Lt 

P = Coaxia! plug for J; 
Ri R3=100000 ohms, 0.5 watt 
R2=27000 ohms, 0.5 watt 
Ri=2000 ohms, 10 watts 
Ri,= 100 ohms, 0.5 watt 
R6= 15000 ohms, 1 watt 
T=Power transformer; 

350-0-350 volts rraa, 90 ma; 
6 volts rms, 2 amperes; 6.3 
volts rms, 8.5 amperes 
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(5-2) 

VARIABLE-FREQUENCY OSCILLATOR 

Frequency 8.0 to 8.6 Mc Output 150 volts peak (Approx.) at 16-17.2 Mc 



rti 




C9 



RF 

/ OUTPUT 
-iTCfl (2f) 



7"^ 



m 



Ci = 220 jii^if. Ceramic, zero tem- 
perature coefiicifnt 

C2 = 5.5-20/i/i[, variable, air gap 
0.024,') inch, double-bearing 
Hammarlund MC-20-S or 
equivalent 

C3=4.5-25^Mf>trinuner,ceTanuc, 
zero temperature coefficient 
Ccntralab 822-AZ or equiva- 
lent 

Cj CiaS90 wif, silver mica, zero 
temperature coefficient 



Ct C: = 0.001 ill, disk ceramic, 
600 V. 

Cs=2.3-14.2 >*/if, variabte, min- 
iature, air gap 0.017 inch, 
Johnson 160-107 or equivalent 

C9=100 niA. disk ceramic, 600 v. 

Li=32 turns of No. 24 Enam. 
on i-^-inch diameter ceramic 
form, winding length 11/16 
inch; form,CTC PLS7-2C4L 
or equivalent; tuned vith 
powdered-iron slug 



92CS-II7I9 

Ls=RF choke, 750 /.h 

L3=26 turns of No. 28 Enam. 
on )4-inch diameter ceramic- 
form, winding length K-inch; 
form, CTC PLS6-2C4L or 
equivalent; timed with pow- 
dered-iron slug 

Ri=68 ohms, O.S watt, carbon 

It2=47000 ohms, 0.6 watt, 
carbon 

Rs-SOOO ohms, 10 watts, wire- 
wound 



NOTE: Capacitor Ci tunes from 8.0 to 8.6 Mc to permit frequency multiplication for both 6-met<.T 
and 2-meter transmitters. The tuned circuit Ls and Cg provides an rf output at twice the VFO fre- 
quency. For an output at 8.0 to 8.6 Mc, replace Lj with 2.&-nih rf choke and eliminate Cg. 



(5-3) 



Cl%S;rAL OSCILLATOR FOR FUNDAMENTAL OUTPUT 



TYPE 5763 
OR 6417. 



I 



I 




TO 

MULTIPLIER 
OR BUFFER 



4- T UiB) 



Ci C4= 0.005 fif, mica, 600 v. 

Ca=1.0 f^^^i per meter (approxi- 
mate value for resonance at 
frequency f), variable, air gap 

>(approx.), mica (may 



117 V AC 

be in range of 10 to 100 w<f), 
600 v. 

Ct=>3-30 fkt^l air padder. (Nor- 
mally omitted. Use only if it 
is desired to vary operating 
frequency slighUy from 
crystal frequency) 



O 



+250 V 
40 MA (APPROX.) 

Lt-Tune to fundamenta 

frequency f with Cs 
Ri=27000 ohma, 0.5 watt 
Ra=47000 ohms, 0.5 watt 
T»FilMnent tranaformer 
X= Crystal 
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(5-4) 



CRYSTAL OSCILLATOR FOR HARMONIC OUTPUT 




RF 
OUTPUT 



fl7V AC 250 V 
40 MA 

(APPRO X.) 



Ci=3-35 uti!, air trimmer 
Cj = 200 fifil, silver mica, 500 v. 
(J,-, Ci=0.01 lit, disk ceramic, 
600 V. 

Ci«1.5 ^ per meter (approxl- 
nuite value for resonance at 



[rer|uency 2f, 3f, or 4f), 

variable air gap 0.023 inch 
Tji = 2.5 mh, rf »;hok(; 
Ij!=Tune to harmonic 

frequency 2f, 8f, or 4f with 

Ci (See note} 



L3=2-Larn link at r£ ground 

end f)[ Li 
Ri=iO0O0O ohms, 0.6 watt 
R2= 22000 ohms, 0.6 watt 
T=Filament transformer 
X= Crystal 



NOTE:For tank-coil design information, refer to Parallel-Tuned Tank Circuits in the Power-Tube Circuil- 
Deaiffn Conaideraiions Section^ 



(5-5) 



175-MC AMPLIFIER, DOUBLER, OR TRIPLER 

Power Output (Approx.) 8-5 Watts for Amplifier, 3 Watts for Doubter, 

1.4 Watts for Tripler 




Ci C9=7-45 util, trimmer, disk 
ceramic; for doubler Cis=4-30 
n/Mt disk ceramic 

C,. Cr, C7=1000 feed- 
through, silvfif mi(.'a 

Ca C«=1000 nnt, silver mica 

Cy*-Sl6-15 u/tf> variable, airjrap 
0.046 inch, Hammarlund HF- 
15-X or equivalent 

Eb = 300 V. for amplifier; 250 v. 
for doubler; 200 v. for tripler 

Eci=-42 V. for amplifier; -53 v. 
for doubler; -90 v. for tripler 

£:ej=2Q0^^ amplifier, doubler 



Ef=12-]5 V. for 7551 ; 6.3 v. for 
7558 

f = 175 Me for amplifier, 87.5 Mc 
for doubler, 58.5 Mc for tripler 

Li = 2 turns o£ No. 18 Eriam. 
wound on j-^-inch diameter 
form, tdoae wound 

L2= 5 turns centertapped foram- 
plifier, 7 turns center tapped 
for doubler, 8 turns c^enter 
tapped for tripler; No. 18 
Enam. wound on >^-inch dir 
ameter form, close wound 

Ls lu*=RF choke, 1.8 uli. 1000 
ma, 80-200 Mo. Ofamite Z-144 



or equivalent; for doubler and 
tripler L3^7.0 /ih, 1000 ma, 
35 -110 Mc, Ohmite Z-50 or 
equivalent 

Lj=4 turns center tapped No, 
18 Enam. wound on >^>inch 
diameter form, close wound 

Ls=3 turns of No. 18 Enam, 
wound on J^-incli diameter 
form, close wound 

Ri=22000 ohms, 0.6 watt for 
amplifier; 47000 ohms, 0.6 
watt for doubler; 68000 ohms," 
0.5 watt for tripler 

5 
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(5-6) 



TRIODE AMPLIFIER 

Class C Telegraphy Service 




2S00V 
300 MA 



Ci-O.OOOS III, mica. 1600 v. 
Ct Cs C4 C»=0.002 fit, mica, 

600 V. 

Ct C3=0.002 Aif, mica, 5000 v. 
C7=5-10 iifil, neutralizing 
camsitort air gap 0.3 incli 



Cs^bO.TS itiif per meter per 
section (approximate value 
for resonance at frequency f) 
F = Fuse, 0.5 amp 
Li = 2.5 mh, 100 ma, rf choke 
Li=l mh, 600 ma, rf choke 
L3=Tune to frequency f with Ct 
Li=2-turn link at center of Lj 



Mi=MilIiammeter, 0-100 ma,dc 
Mi= Milliammeter, O-50O ma,dc 
Ri'^eOOO ohms, 20 watts 
K:=50 ohms, center-tapped. 

wire-wound 
ToFilament traiu{6niier,10 v., 

4.6 amp. Insulated for 2500 t. 



Keying Circuit: Because this circuit is at a high dc voltage, a relay-type circuit should be used for keying. 



(5-7) 



BEAM POWER TUBE AMPLIFIER 

Class C Telegraphy Service 



TYPE 
6146 



RF 
OUTPUT 




eaov 

200 MA (APPRO)0 



Gt*4-60 fi/iff^mmer, air gap 
0.016 inch 

Cj Cs Ci=0.01, disk ceramic, 
600 V. 

Cb=0.005 ^f, mica, 1600 v. 

Ca— 2 nitl per meter (approx- 
mate vaiue. including tube 
t^^nit^^dtance. for reso- 
nance, opsation above 



60 Me use lowest value which 
will permit tuning over de- 
sired range), air gap 0.075 
inch min. 

P-Puse, 0.25 amp 

Li->2.6 mh, rf choke 

L)~Tune to frequent^ f wit^ C« 

Li"2-tum link at rf ground end 
of Li 



Ml*" Milliammeter, 0-10 ma, dc 
Mt= Milliammeter, 0-200 ma, dc 
Ri=5100 ohms, 1 watt 
R2 = 390 ohms, 10 watts 
Rjs 15000 ohms, 10 watts 
B«- 25000 ohms, 20 watts 
T Filament transformer, 
6.8 T., 1.26 amp 
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<5-8) 



PUSH-PULL TRIODE AMPLIFIER 

Class C Plate-Modulated Service 



TYPE 812-A 




■ Ci C. Ce= 0.006 Atf, mica, 600 v. 
i Ci=2 (ifit ptir meter per section 

(approximate value for 

resonance at frequency f), 
, air gap 0.026 inch, min. 
I Ci Ci=4-10 fint neutralizing 

capacitor, Hammarlund 

NC-7S or equivalent 
j Ci*0.002 fit, mica, 6000 v. 



Cs = 1.5 fi/xl per meter per section 
(approximate value for reso- 
nance at frequency Q, air gap 
0.170 inch min. 
F=Fu3e, 0.5 amp 
Li = 3-turn link at center of L; 
L;=Tune to frequency f with C2 
la'-2.& mh, 600 ma, rf choke 
Xi«— Tune to frequency f with Cs 



L6 = 3-turn link at. center ot Li . 
Mi= Milliarameter, 0-150 ma, dc 
M: = MUtiammeter, 0-600 ma, do ' 
R=1650 ohms, 20 watts 
Ti=Filament transformer, v 

6.3 v., 8 amp 
Tj=Moclulation transformer, 

126 watti audio level 
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(5-9) 

PUSH-PULL BEAM POWER TUBE AMPUPIER 

Class C Plate-Modulated Service 




Ci= 0.005 mica, 600 v. 

C2=2 fitif per meter per section 
(approximate value for reso- 
nance at frequency f), air gap 
0.030 inch min. 

Ca C4= 0.002 ;if. mica, 500 v. 

Ci C8= 0.003 ^f. mica, 5000 v. 

C7= 1.5 lif-i per meter per section 
(approximate value for reso- 
nance at frequency f), air tsftp 



0.175 inch min. 
Cs= 0.002 nU mica, 6000 v. 
Cb=4 ^if, electrolytic, 600 v. 
F=Fu8e, 1 amp 
Li=3-tum link at center of 
Li=Tune to frequency f with Cs 
L3=6 henries, 160 ma, choke 
Li=l mh, 600 ma, rf choke, 
L»=Tune to frequency f with Ci 
LtKS-tuni link at center of ht 



M.i= Milliammeter, 0-800 ma, dc 
Ms=Milliammeter, 0-50 ma, dc 
B=4000 ohms, adjustable, 

wire-wound, 25 watts 
Ti"Filament transformer, 

10 v., 10 amp ^ 
Tt«* Modulation tnuuformer, 

160 wittts au^o levd 
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CLASS B PUSH-PULL TRIODE MODULATOR 

Power Output 590 V/ntfs (Approx.) 




M«MilIiammeter, 0-500 ma, dc 
Ti«=Driver Transformer, plate- 
to-pUte impedance 1500 
ohms, turns ratio of total 



TYPE! 
8f0 

2000 V *^ 
420 MA (MAX. SIG.) 

primary to one- secondary 
1.5 to 1 (Note; 2) 
Tj=Fiiament transformer, 
10 v„ 9 amp, center-tapped 



AF 
OUTPUT 



Tii=Modiilatiu'.i irimsformrr, 
load im[ii'dance 11000 olima 
plate-to-plate; turns ratio 
depends on modulating im- 
podance of modulated stag." 



l^OTF.S: 1. This voltage should bo obtained from a low-impedance source such as a battery or a povc-r 
supply having a rammium bleeder current r_.f 100 ma and a mJnimum filler output capa'.-ita;-ice of 150 ;-f. 
2. Ab the driver for this modulator stage, a circuit h;iving a low output imp^^dance and an output of 
appraximately 25 watts is recommended. For this eirc-uit, four 2A3's in push-Dull-parallel Class ABi 
■operating with a ^te voltage of 300 volts and a fixed bias voltage of -62 volta, with the indicated driver 
transf oroaer T:, may be itsed. 



<5-n) 



CLASS B MODULATOR 
WITH TYPE 807 IN SPECIAL TRIODE CONNECTION 

Power Output 120 Watts (Approx.) 




AF. 
OUTPUT 



117 VAC 



O 
+750 V 
250 MA 



Ki R-j-20000 ohms, 1 watt, 
carbon 

Ti=Driver transformer, turns 
ratio of total primary to 
one-half secondary 1:1,25; 



Stancor A4761 or eriuivalent 
T2= Modulation transformer, 
audio level 120 watte 
(approx.), primary 6650 ohms 
(approx.), center-tapped; 

NOTE: As the driver for this modulator stage, a circuit having a low output impedances and an output 
of approximaCely 10 watts la recommended. For this circuit, with the indicated driver transformer Ti. 

- 2„« 1 ^ P"sh-puil Class ABi operating with a plate voltage of 300 volta and a cathode-biaa resistor 
of Ttfti j^pois Riay be used. 

300 



turns ratio depends on modu- 
lating impedance of modu- 
lated stage 

Ta^Filament transformer, 
6.3 volts rms, 1.8 amp 



CLASS ABi PUSH-PULL MODULATOR 

Power Output 100 Watts (Approx.) 




Ci = 500 nfif, mica, 500 v. 

16 i^f, mill iatureelectroly lie, 
12 V. 

C3=25;;f, miniatur(jt!lcctrolytic, 
12 V. 

Ci Cii=25 nt, electrolytic 25 v. 
Co=0.01 ^f, paper, 400 v. 
C7=0.002 111, papc-r, 400 v. 
C8CgCio=8fif,electrolytic,450 V. 
Cii = 0.5 ^f, paper, 750 v. 
Ci2=0.005 ;if, mica, 1500 v. 
Cii=0.l ut, paper, 750 v. 
Gu Ci6 Cn-20 /tt, electrolytic, 
150 V. 

Cu=8 fit, electrolytic, 150 v. 
CIl=SilicOTi reettfler, type IN- 
3193 



LiL; = liF choke. 2.5 mh, 125 ma. 
.M= Miiliammetcr, 0-100 ma, dc 
Ri = 3;J0O ohm?, 0.5 watt 
R2 = 220000 ohms, 0.5 watt 
Ha Ilii 111 5= 1000 ohms, 0.5 watt 
Ri=470 ohms, 0.5 watt 
Rj=Poteiitioraeter, 0.25 meg- 
ohm 

Re R9=270000 ohms, 0.5 watt 
Rt=2200 ohms, 0.5 watt 
R8=390 ohms, 1 watt 
Rio = 22000 ohms, 1 watt 
Ri! Rn=47 ohms, 1 watt 
Ris=1000 ohms, 1 watt 
Ria=2200 ohnu, 2 watts 
RiT=10000 ohms, adjustable. 85 
watts 



Ti=Transistor input transform- 
er, primary 200000 ohms, sec- 
ondary 1000 ohms. 

Ta = IntGrstage transformer, sin- 
gle plate to single grid, 1.3 
turns ratio 

T3=Drivcr transformer, single 
plate to push-pull grids, pri- 
mary 10000 ohms, turns ratio 
primary— to one half second- 
ary 1.5:1.1. Stancor A-47B2 
or equivalent 

T4=Modulation transformer, 
100-115 watts, UTC S-21 or 
equivalent 

T»=rilament transformer, 11-7 
V. to 6.3 v., 1 amp 
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(5-13) 

CLASS B LINEAR RF AMPLIFIER FOR SINGLE SIDEBAND 
Power Output 875 Watts (Approx.) Frequency 3.5-28 Mc 




Ci Cs Ci Cii Cs Cb C» Cw Gii 
Ci!i=O.OX mU diak ceramic, 

600 V. 

C 7= Neutralizing capacitor, S/iftf 
(Approx.) air gap 0.06 ioch, 
Bud CE-2028 or equivalent 

Ci ! Cir, Cu—100 id, electrolytic, 

450 V. 

Cis—VHFby-paas; 4-inch length 
ol coaxial cable KG-58/U 
used as connecting lead with 
outer shield connected to 

Ci6 Cis C.j, = 1000 i^fif, disk cer- 
amic, 6000 V. 

Cn^Tuning capacitor, 19-488 
tif^l, air gap 0.045 inch. 2000 
V:, Johnson 154-3 or equiva- 
lent 

C La = 1500 ;i/if, silver mica, 2500 v. 

('■■■i = Output (loading) capacitor, 
li-section, 10-365 >i;jf per sec- 
tion with sections connected 
in parallel. 

F»Fuae, 10 amperes 



I^Indii-ator lamp, ii.S v. 

J=Ciosr-d-flrL-uit jack. For ap- 
plication of 100 volts negative 
standby bias 

Li = RF choke, bifilar, B & W 
FC-15 or equivalent 

L2= Filter choke, 5-8 h, 300 ma, 
SUncor C-1722 or equivalent 

L3=6 turns of No. 14 Ensm. 
close wound on J^-ineh dia- 
meter form 

L4=5 turns of insulated hook- 
up wire wound over Ls 

Lc Lb L J L3= Parasitic suppressor 
choke;? turnaofNo. I'SEnam, 
wound on and connected 
across K*, Rc, Ra, and R-. 

L9=RF choke, 1 mh, 600 ma. 
National R 154-U or equiva- 
lent 

Lio Lii=Pi-network inductor, 
lUumitronic Pi Dux No. 195-1 
or equivalent, tapped at 0-4, 
0.7. 1, 2.2 and 4.5 nb, re- 
■pecUvely for 10 to 80 meten. 



Ln wound with No. 8 wire; 

Lid with H-inch copperstoap. 

About half the turns from 

close-wouod end of coil c^n 

be removed. 
L BF choke, 2.6 nih 
M 1 = Mllliammeter, (^1000 mft, 

dc 

Mt« Milliammeter, 0-200 ma, dc 
Ri Ri R3=- 26000 ohms, 26 watts 
R4 Rs R<i Rt«38 ohms, 1 watt 
S I S I = S witch, sinfl^e-p^, idogle- 

throw 

S3 = Band switch, rotary, single- 
pole, 5-po8ition, heavy duty 

Ti = Filament transformer, 6.8 
v., 16 amp.. Triad F-22A or 

equivalent 
T: = Filament transformer, 2.6 

v., 10 amp., Stancor P-S024 

or equivalent 
T3= Plate transformer, 1250 v., 

300 ma, Stancor PT-S313 or 

equivalmt. 
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SO-MEGACYCLE TRANSMITTER 

Power Output 120 Watts (Approx.) 



OSCILLATOR 
AMPLIFIER MlJLriPLI!:R 
TYPE 
I2BY7A 

VFO 

INPUT 
-|l — c 




-IVC351 -WCIG iB 

T . 350 V TO 500 TO 
6.3 V MOD. 6Q0V 

METER AC 



1 



C2b| ^/ 
OUTPUT 



4 



^29 



Ci=22() ftpf, mica, 500 v. 

Ca=10 ^-mE, mira, 50fi v. 

Cj Gs Cr, Cs^Cio Oil C'l. Ci3 C,,i 
Cm Ci? Cis Ci-i Ci:i Cji C;fi 
Cm Cai Cas Cjj Csu C.i7=1000 
Mi*f , disk ceramic, 1000 v. 

C.i=U>0 /jftf, mica, 500 v. 

Ct C'>i = 3.7-52 >x^[, variable, air 
gap fl,015 inch, Hammarlund 
HF-50 or equivalent 

Cij=:47 mica, 500 v. 

C u= 5.2-30 ^^f . variable, air 
gap 0.045 inch, Hammarlund 
HF-30-X or equivalent 

Ci 3 = 5.0-28.5 fifif, double-sec- 
tion variable, air gap 0.045 
inch, Hammariund HPD-30- 
X or equivalent 

Coii Coi C24 Cii Csd C33 C39 = 

1000 feed-through, cer- 

amif.', 500 v. 

C,; = 4.S-27.3 ixnl, butterfly, 
variable, air gap 0.030 inch, 
Hammarlund BFC-25 or 
equivalent 

Cm Cm C« C« Cm=1000 mm?. 
disk ceramic, 3000 v, 

Lj = HF choke, 1 mh 

Ls = 10 turns of No. 20 tinned on 
^-inch diameter form, wind- 
ing length J^-inch 



Ij:!=5I-$ turns ot No. 10 solid, 
tinn(^d, on ^-tS-inch diamol.yr, 
wielding length 1 Inch, 

hi Li,=2 turns of No. 20 plastic 
covered on V^t-inch diameter, 
close wound 

Lg=8 turns of No, 10 aolid, tin- 
ned, on s/g-inch diameter, 
winding length 1 } i inch 

Lt=6 turns of No. 10 solid 
tinned on J^^-ineh diametor, 
winding length 1 inch 

Ls=2 turns of No. 14 Enam. 
covered with insulation tub- 
ing on ^-inch diameter, close 
wound 

Iji! Lij Lu L13 Li4 Lii=RP choke, 
7 /ih, 1000 ma, Ohmite.Z-60 
or equivalent 

Lii=>RF choke, 25 turns of No. 
16 Enam. on J^-ineh" dia- 
meter, close wound 

NC = Neutralizing capacitors; 
No. 12, tinned wire; 3^-inch 
length placed in proximity of 
829B plates 

Ri= 100000 ohms, 0.5 watt 

Il3= 120 ohms, 0.5 watt 

Rs=33000 ohms, 0.5 'pvatt 

R4 Ri Ru Bh-1000 ohms. 0.5 
watt 



U,-. Hn=47 ohms, 0.5 watt 
lir, Kio = i;10 ohms, 0.5 watt 
Ry-'iTflOO ohms, 1 watt 
H9=3300 ohms, 1 watt 
Rio=10000 ohms, 2 watts 
Ri2=10 ohms, 0.5 watt 
Ri3= 56000 ohms, 2 watta 
Ris^S.S ohma, 0.6 watt, wire 
wound 

Ili7=38 ohms, 0.5 watt, wire 

wound 

Ris= 15O00 ohms, 10 watts, wire 
wound 

S[ = Crystal— VFO Switch; two- 
pole, two-position, wafer, non- 
ahorting, rotary 

82= Meter Switch; two-pole, six- 
position, wafer, non-shorting, 
rotarj'; Shown in oscillator, 
amplifier, multiplier plate- 
current position 

Si«Tuning Switch; OO-degree 
indexing (^entralab PA-304 
or equivalent; two progres- 
sively shorting 30-degree wa- 
fers, Centralab PA-12 or 
equivalent, using every aeo 
ond contact. 

X=Crystal, 8-Mc range 



NOTES: 1. With 8-Mc crystal input, first stage is a tripler. With VFO input, depending on inimt 
frequency, this stage may be amplifier, doubler, or tripler. »-«.*• 
2. With 0-1 ma. dc meter, shunts provide full-scale reading of oscillator amplifier-multiplier plate 
current to 80 ma; doubler grid-No. 1 current to 2 ma; doubler piate current to 100 ma- final grld-No 1 
current to 30 ma; final grid-No. 2 current to 100 ma; and final plate current to 300 ma. 
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(5-15) 

SINGLE-SIDEBAND EXCITER (FILTER TYPE) 
Output Frequency 3.8-4.0 Mc 




Ci = 68 itiil, ceramic, zero tem- 
perature coefficient 

C2=300 nfii, ceramic, zero tem- 
perature coefficient 

C3=5-60 utii, variable 

Ci Cb Ct Cio Cti Ci8=0.005 /if, 
mica, 600 v. 

C6=470 fini, silver mica, 500 v. 

Cg=0.001 mica, 500 v. 

Ci Ci4=22 mica, 500 v. 

Cii=65-320 /i^if, variable 

Cii=1500 nnl, mica, 500 v. 

Cit=0. 01 jjf. disk ceramic, 600 v. 

Cn=0.02 Mf. disk ceramic, 600 v. 

Cn=0.2 til, paper, 200 v. 

Ci9=0.002 mI, paper, 200 v. 

Cio C!i = 0.04 id, paper, 200 v. 

Cm Cm= 0.0056 /if, mica, 500 v, 

Li=15 turns of No. 22 Enam. 
spaced uniformly over 0.6 inch 
on 1-inch diameter form; grid- 
No. 1 tap, turns above 
. ground end; cathode tap, 1,9 
turns above ground end 

Ls=RF choke, 2.5 mh 



L;=88 ;^h, approx., adjustable; 
high (J, feiTitG core; conver- 
ter-tube oscillator coil for 
standarri AM band may be 
used; cathode tap, approx. 15 
Iper cent of total turns above 
ground. 

Lj=50 )uh, approK., adjustable; 
63 turns of No. Z>i Enam., 
close wound in single layer on 
9/32-inch tube, tuned to crys- 
tal frequency with >i-inch 
iron slug 
Ri R;=1500 ohms, 0.5 watt 
U;=3300 ohms, 0.5 watt 
R3=Amplitude Balance Con- 
trol ; 2500 ohms, composition, 
linear taper 
R* Rm==33000 ohms, 0.5 watt 
Rs = 39 ohms, 0.5 watt 
Re Rii=300 ohms, 0.5 watt 
R8=27000 ohms, 2 watts 
R» Rio Ris Rm=68000 ohms, 0.5 

Rii = 470000 ohms, 0.5 watt 



Ku=47000 ohms, 0.5 watt 
R!r,= Carrier Amplitude Balance 
Control, 25000 ohms, com- 
position, linear taper 
Ru = 100000 ohms, 0.5 watt 
Ri7= 120000 ohms, 0.5 watt 
Rig=56000 ohms, 0.5 watt 
R21 = Carrier Phase Balance Con- 
trol, 2500 ohma, composition, 
linear taper 
R:3 Rm=2700 ohms, 0.5 watt 
'£=PTimaTy: Two wires wound 
in parallel, each 23H turns of 
No. 34 wire, single Teflon in- 
sulation (or silk if necessary), 
bifilar wound on }-^-inch dia- 
meter tube; winding length, 
%inch;tuningslug, }.i inch 

Secondary: 26 turns of No. 32, 
Formex insulation, close 
wound in single layer 
X=Crystal, 456.85 kilocycles 



NOTE: The leakage resistance of the 1N34A serves as the grid resistor for the mixer stage; in some 
cases, however, it may be necessary to add a 470000-ohm grid resistor across the diode. 
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144-148 MEGACYCLE TRANSMITTER FOR MOBILE OPERATION 
Quick Heating Power Output 30 Watts (Approx.) 




Ci Cs C> C4Ci Cc C9 Clo Cn Ci3 

Cll Cm CiT Cis Cis C;» Cd-: 

Cm Cm C«=0.001 /if, disk 

ceramic, 600 v. 
C; C4i = 2.3-14.2 nnf. variable, 

miniature, air gap 0.017 inch, 

Johnson 160-107 orequivalcnt 
Cs Css^lOO nixt, disk ceramic, 

600 V. 

Ci4=-1.5-5.0 tifit, variable, min- 
iature, air gap 0.017 inch, 
Johnson 160-102 orequivalent 

Ci( Ci}=l-8 uuf, tubular trim- 
mer, Erie 632-B or equivalent 

Csi Cis Cii CsT C!8=0.001 ;xf, 

silver mica, Erie 370-FA-102J 

or (Kjuivalent 
Cii=2.8-17.5 nnf, variable, air 

gap 0.016 inch, Haramarlund 

HF-15 or equivalent 
Cm™5-80 titJ.(, trimmer, mica, 

Arco 462 or equivalt^nt 
Cji»"'S.6-15 finU variable, air^p 

O.OTlSincb^fiamraarlundHF- 

15-X or equivalent 
C3t=6.3-50 nfii, variable, air gap 

0.0245 inch, Hammarlund 

MC-.50-M or equivalent 
!^H»>220 nnl, disk ceramic, zero 

temperature coefficient 



C3i=5.5-20/(Mf> variable, air gap 
0.0245 inch, double-bcaiing 
Hammarlund MC-20-S or 
equivalent 

C 36= 4. 5-25 M**f. trimmer, ce- 
ramic, zero temperature coef- 
ficient Centralab 822-AZ or 
equivalent 

Csi C37=390 utit, silver "mica, 
zero temperature coefficient 

C4i=8 /if, electrolytic, 450 v, 

C4j=0.0l Mf, paper, 600 v. 

C«= 10 ill, electrolytic, 50 v. 

J= Microjphone jack, 2 contact 
and shield, Amphenol 80 
PC2F or equivalent 

Li L., Lu= RF choke, 750 /th 

Li=7 turns of No. 24 Enam. on 
^-inch diameter ceramic 
form, winding length 5/82 
inch; form, CTCPLS6-2C4L 
or e qui val en t, tuned with 
powdered-iron slug 

L4-2H turns of No. 18 Enam. 
on 7/16-inch diameter, wind- 
ing length H-inch 

L5=4H turns of No. 18 Enam. 
on 7/16-inch diameter, wind- 
ing length fi inch, center 
tapped 



Lf;L;o=RF choke, 1.8 Mb, Ohmite 
Z-144 or equivalent 

L7=3 turns of No. 20 Enam. on 
J^-inch diameter, winding 
length ^ inch, center tapped 

Ls=3 turns of No. 20 Enam. on 
H-inch diameter, winding 
length 5/16 inch, center 
tapped 

Ls=RF choke, 7.0 t^h, Ohmite 
Z-50 or equivalent 

Lii = 4 turns of No. 14 tinned on 
M-incb diameter, winding 
length J^-incb, center tapped 

Lis="lJ^ _turns of No, 14 Enam. 
on %-inch diameter, winding 
length 14 inch 

Lis«32 turns of No. 24 Enam. 
on ^-inch diameter ceramic 
form, winding length 11/16 
inch; form, CTC PLS7-2C4L 
or equivalent; tuned with 
powdered-iron slug 

Lit"'26 turns of No. 28 Enam. 
on )4-inch diameter ceramic 
form, winding length ?^ inch; 
form CTC PLS6-2C4L or 
equivalent; tuned with pow- 
dered-iron slug 



(ConHnusd on poge 307) 
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FIVE-BAND 10 TO 80 METER TRANSMITTER 
Power Output 90 Watts Frequency 3.5, 7, 14, 21, 28 Megacycles 
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(5.T7) 

FIVE-BAND 10 TO 80 METER TRANSMITTER (Cont'd) 



Ci Cm Cjo Ci2=0.005 ;if, disk 
ceramic, 1000 v, 
("s C4 Cs Ce Ci; C13 Cn Cis 
('16 i'zs Cjg C41 C43 Cit C«( 
("■ill Csn C;i ('if, Css Cm Csi 

('115 = 0.001 ^f, disk ceramic, 
1000 V. 

C7 Ci7 C&7=3.7-52 nnf, variable, 
air gap 0.015 inch, Hammar- 
lund HF-50 or equivalent 

Cs C37 04. Ctf. Cia Csa=0.001 ^f. 
mica 

C}—D(t n/jt, mica 

Cn=^500 n^t, feed-through, ce- 
ramic 

Cii = l-7.5 nnt, trimmer, tubular 
ceramic, Centralab 829-7 or 
equivalent 

Cn=0.003 ,if, ceramic, 1600 v., 
CentralabDD16-S02or equiv- 
alent 

C18 Ci»= 16.5-100 ^pf, variable, 
air gap 0.0715 inch, Ham- 
marlund MC-lOO-SXor 
equivalent; C13 is used as 
fixed lOO'/ifit capacitor 

Cso=6.3-142 fiiil, variable, air 
gap 0.015 inch, Hammarlund 
HF-140 or equivalent 

C;i = 330 /ittf, mica 

Gtz Ch Cb2 Cls Coi Csn^O.OOl 
fit, disk ceramic, 3000 v. 

C53 Cn Cis Cts Cn Cn C^g C30 
C3i = 120 nuf, mica 

C32=0.01,if,diskceramic,1000v. 

C33 = 0.02 fif. disk ceramic, 1000 v. 

Cm»22 ^i^s^, mica, 500 v. 

C»=220 ^^f, mica, 500 v. 

Ct4 Cct=1600 Mjif, feed-through, 
Centralab FT-1500 or equiv- 
alent 

CRi CRt CRi-Crystal 

Pv Fi F J" Harmonic filters 

JiJi— Coaxial connector 

Li Lt Ls Li Lio-RF dioke, 2.5 



Li=57 turns of No. 24 on ^i- 
inch diameter, wound 32 turns 
per inch; tapped 5J^, 81-i, 
IIH, and 28 turns from grid 
end; B & W 3008 or equivalent 

L4=7 turns of No. 16 Enam. 
wound on R9 

1,5=: RF choke, Imh 
Lg=10 turns of No. 10 Enam. 
on 1-inch diameter, winding 
length 2 inches; tapped 43-| 
and TKi turns from plate end 

Ls=iO turns of No. 10 Enam. 
on 1-iiich diameter, winding 
length 2 inches; tapped 4J-^ 
and 7}^ turns from plate end 

Lt=20?^ turns of No. 18 on 1^4- 
inch diameter, wound 16 turns 
per inch ; tapped 11 turns from 
plate end; B & W 8019 or 
equivalent 

Lii=28 turns of No. 24 on 
inch diameter, wound 32 turns 
per inch; B & W 3008 or 
equivalent 

Li2=14 turns of No. 20 on %- 
inch diameter, wound 16 turn,s 
per inch; B & W 3007 or 
equivalent 

Lis Lh= RP choke; 7 nh, Ohmite 
Z-50 or equivalent 

Li.i = 25 turns of No. 16 Enam. 
close wound on ^^-mch dia- 
meter plastic rod 

M= Milliammeter, 0-3 ma. dc 

Ri Ri8=68000 ohms, 0.5 watt 

Rs Rs Rio Rii Rj,-, lUs R;9 R,>o 
Rsi^lOOO ohms, 0.5 watt 

Rs = 120 ohms, 0.5 watt 

Ki Rf: R8 = 12000 ohms, 1 watt 

R7=50000 ohma, variable, 4 
watts 

R9=alOO ohms, 1 watt 

Rn Rii Ri6=100000 ohms, 0.5 
watt 

Ri3==270 ohms, 0.5 watt 



Rh=5900 ohms, 1 watt 

Ris=33000 ohms, 0.5 watt 

RiT=100 ohms, 0.5 watt 

Ris=22000 ohms. 0.5 watt 

Rco=470ohms, 0.5 watt 

Rii R53=220000 ohms, 0.5 watt 

Rji=10 ohms, 0.5 watt 

Ri7 R2S=220 ohms, 0.5 watt 

Si^Baiid switch; rotary, ce- 
ramic, 6 poles, 5 positions, 6 
.sections; Centralab index as- 
sembly PA-305 and wafers 
PA-17 or equivalent; shown 
in 3,5 Me position 

Si= Tune-operate switch; single* 
pole, double-throw; shown in 
operate position 

S3=Coar3e loading switch; ro- 
tary, ceramic, 1 pole, 2-10 po- 
sitions, I section, progressive 
opening; Centralab PA-2052 
or equivalent 

84= Crystal-VFO switch; rotary, 
ceramic, 3 poles, 2-5 positions, 
1 section; Centralab PA-2006 
or equivalent 

So— Meter switch; rotary, ce- 
ramic, 2 poles, 2-6 positions, 1 
section, non-shorting; Cen- 
tralab PA-2003 or equivalent; 
shown in 6EB8 triode unit 
grid-current position (0-3 
ma.); succeeding positions in 
order are 12BY7A grid-No.l 
current (0-3 ma.), 6146 grid- 
No.l current (0-6 ma.), 6146 
grid-No. 2 current (0-30 ma.), 
6146 plate current (0-300 ma.) 

S6=Keying switch; double-pole, 
double-throw; shown in cath- 
ode-circuit keying position 



cftnlinusd): 



Ri R3^56000 ohms, 0.6 watt, 

carbon 

Rs Ri R. = 15000 ohms, 0.5 watt 
Ri R7=18000 ohms, 0.5 watt 
R8= 1000 ohms, 0.5 watt, carbon 
R9=18500 ohms, 3 watts (three 

56000-ohm, 1-watt resistors 

in parallel) 
Rio=33 ohma, 1 watt 
Rii— 68 ohms, 0.6 watt, carbon 



Rij Ru=!47000 ohms, 0.5 watt, 

carbon 

Ri3=5000 ohma, 10 watts, wire 

wound 

Ris=1000 ohms, 1 watt, carbon 
Ri6=Potentiometer, 0,6 meg- 
ohm 

Ri7 = 50 ohms, 1 watt 
S = Relay contact on transmit- 
receive switch 



Ti^Driver transformer, single 
plate to push-pull grids, pri- 
mary 10000 ohma, turns ratio 
primary to one-half secondary 
8:1 ; Stancor A-4728 or equiv- 
alent 

T2= Modulation transformer, 30 
watts, Stancor A-3892 or 
equivalent. Terminals 9 & 12 
conoeoted together 



NOTES: 1. X metal shield should be used to isolate the final amplifier and the driver output circuit 
from the other rf circuits. Filament and 250-volt B+ line through shield should be by-passed bv 
0.001->il ceramic feed-through capacitors such as Centralab MFT-100 or equivalent 

^■''}'"^ (in series with a 5000-ohm 0.5-watt resisto'r) across terminals 
» A6-A6 will provide readings for adjustment of driver, final, and modulator output 
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fYtlCAL COAXIAL CAVITY FOR BEAM POWER TUBE 7650 
Frequency 300 to 1500 Mc. Cathode Drive 



PLATE CONTACT 
GRID-No.2 CONTACT 
GRID-No.t CONTACT 



BV-PASS 



NEUTRALIZING 
ADJUSTMENT 



©OTPUT TUNING 



.750"aD. X 
.O&e WALL 



CAPACITIVE 
PROBE 
INPUT 
COUPLING 



LEGEND 




METAL 
NON-METAL 



i CRID-No.2 INPUT 

li— GRID-No.t WPUT 



HEATER CATHODE 

INPUT TUNING 



■.37S"O.D.x ,035" WALL 
.FORCED AIR «CM-10497 
INPUT 



Li-*Iiensth of Orid-No.2-Plate 
Cavity, 1 to 20 inches, ap- 
prox., depending on frequency 

and mode 



Li=LenEth of Grid-No.l-Grid- 
No.2 Cavity, 0 to 20 inches, 
approx., depending on fre- 
quency and mode. 



Li=LenKth of Cathode — Grid- 
No.l Cavity, 0.4 to 20 inches, 
approx,, depending on fre- 
quency and mode. 



NOTES: 1. At 1250 megacycles in three-quarter wavelength mode, approximate length of Li is 4.3 
inches, La is 3.3 inches, and La is 416 inches. 

2. Apertures are provided in the various walls to permit passage of air to ail terminals. 
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462-MEGACYCU TRAMSMITTER FOR FIXED OR MOBILE OPERATION 

Power Output 20 Watts (Approx.) 




300 V 
300 MA 



Ci C2=2. 2-8.0 ;if per section, 
variable, butterfly, air gap 
0.017 inch, Johnson 9MB11 
or equivalent 

Cs Cs=2. 7-10.8 t^fit per section, 
variable, butterf^, air sap 
0.017 inch, Johnson llMBll 
or equivalent 

C4=^ 1.5-5.0 Hilt, variable, air gap 
0.017 inch. Johnson 5M11 or 
equivalent 

Ce Or Cg C9 Cio Cu C12 Cu»1500 
uuf, feed-through cerunic, 
Em 8S2-1S2 or eqtiivaleat 



Id— 1 turn of No. 10 base coppsr 
mre, wound on >^-inch 
diameter 

La hi^l}^ turns of No. 10 base 
copper wire close-wound on 
H-ixich diameter. la and Ls 
are spaced to accommodate Li 

Li Ls Ls L 9= Silver-plated cop- 
per rod 3/lfi-inch diameter 
approximately 3 inches long. 
Rods of each pair spaced 
11/16 inch on centers 

Ls LT=Silver-plated copper rod 
3/16-inch "diameter approxi- 
mately 13-^ inches long. Rod 



spaced 1 inch on centers 
LiB=l turn of No. 8 silver- 
plated copper wire approxi- 
mately 1 inch square 
Lu Lii Lij Lu Li6=RF choke, 
Ohmite Z-460 or equivalent 
Ml M3=MilIiammeter, 0-5 ma, dc 
M: M.i=Milliammeter, 0-150 
ma, dc 

Ri Ri Rs R6=57 ohms, 1 watt 
Ra Ri»26000 ohms, 0.26 watt 
R7»61000 ohms, 0.5 watt 
B> Bs- Potentiometer, 20000 
ohms. 2 wattB 



NOTE: Suitable tube sockets are Johnson 122-248 or equivalent mounted 9/16 inch below chassis. For 
detailed operating conditions of this circuit, refer to type 6524 in the 7'ube Types Section where typical 
operation values for Intermittent Commercial and Amateur Service (ICAS) are given for both the 
tripier ana final at 462 Mc 
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RCA Transmitting Tubes 



(5-20) 

TRANSMIHER POWER SUPPLY CIRCUIT 




Ci C= Ca C4=40 juf, electrolytic, 
450 V, 

Cs C6=40 fit, electrolytic, 150 v. 
CR=Silicon rectifier, type IN- 

3193 

Li = Choke, 4h., 175 ma., Stan- 
eor C-14i0 or equivalent 

Lt-Cfaoke, 4.6 h., 200 ma., 
Stancor C-1411 or equivalent 

Bi-lOO ohms, 0.6 w&tt 



Ri R3=4700 ohms, 1 watt 
R4 R(=15000 ohnu, 10 watts 
Rs=5000 ohms, 25 watts, ad- 
justable 
Rt=100000 ohms, 1 watt 
Si S2=Switch, Bingle-pole, sin- 
gle-throw 
Ti=Powertnin8fonner;approx. 
360—0—860 T., 200 ma.; 6 v.. 
Samp.; 6.9 v., 7.6 amp. (min.) 



T!=FiIament translormor, 6.3 
v., 1.2 amp. Stancor F-6184 
or equivalent. Connect 6.8-v. 
winding of T; to 5-v. winding 
of Ti. 

K= Relay, double-pole, double- 
throw 6-v. ac coil, Potter and 
Bnimfield GAllA or equiv- 
alent 
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(5-21) 



OSCILLATOR FOR DIELECTRIC HEATING 

Frequency 27 Mc (Approx.) 




LOAD 
ELECTRODES 



2000 V 
509 MA 



117 VAC 



Ci C-j Cj=0.003 ^f, mica, 600 v. 

C i=2 plates 3/32-inch alumi- 
num, 5 inches x 7 inches 
spaced inch 

Ci=50 iifd, max., depends on 
work load 

F^Fuse, 0.S amp 

Li— 6 turns 3/l6-incfa copper 



tubing spaced % inch on 

2M-inch I.D 
L'j=RF choke, 40 ma 
L3=BF choke, 500 ma 
L^ = 3 turns 5/16-iach copper 

tubing spaced ^£ inch on 

8fi-inch I.D. 
I4 Xjt-> 2 turns 3/16-inch coppw 



tubing with adjustable 

spacing between turns on 

SJit-inch I.D. 
ML=Milliam meter, 0-100 ma, dc 
M2=Milliammeter, 0-1000 ma, dc 
H-5000 ohms, 25 watts 
T=FiIament transformer. 10 

volts rms, 9 amp 



NOTE: Adetjuate sbidt^ng should be used to assure compliance FCC requirements reg»rdine 
spurious rad^lion. 



(5-22) 



OSCILLATOR FOR JNDUCTION HEATING 
Frequency 450 Kc (Approx.) 




TYPE 
e33-A 



i 117 V 6 



1-3 



AC 




Sell \ 5 



Ci Ci=0.01 ;if, mica, 600 v. 

C> Ci"0.1 fit, paper, 5000 v., 
0.6 amp rms min. 

O4-O.OO2 yi, mica, 8000 vdts 
min., 15 amp rms 

P—Fuse, 1 amp 

Li— 3mh, rf choke, 1 amp rms, 
insulated for 10000 peak 
volts, single-layer solenoid, 
800 turns No. 18 Enam., 12 



4000 V 
lAMP 

inches long on 4-inch 
diameter 
L!i=3.5 mh, rf choke, 250 ma 
L.j=G3 ^ih, choke, 15 amp rms, 
insulated for 5000 peak Volts, 
40 turns No. 8 Enam., 8 inches 
on 4-inch diameter form. 
Li= Single-turn semmdary, 

sheet copper 
L»=Work coil 



Mi^Milliammeter, 0-1000 ma, dc 
Ml— Milliammeter, 0-150 ma, dc 
R=2500 ohms, 50 watts 
T=Filament transformer, 10 

volts rms, 10 amp 
B>* Blower, designed to supply 
an air flow of 40 cfm from a 
2-inch-diameter nozzle 
directed vertically on bulb 
between grid and plate seals. 



NOTE: Adequate shielding should be used to assure compliance witji FCC requirements regarding 
B|iasiouB radiation. 
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= RCA Tranamitting Tubes 

(5-23) 

VHF OSCILLATOR FOR DIELECTRIC HEATING 
Frequency 160 Mc (Approx.) 




500 MA AC 




Ci«-250 ftfii, mica 0.005 inch 
thick, 3 inches x 3^ inches 
copper plate* held to mount- 
ing platform by insulated 
pressure clamps 

Cs Ci=0.001 ttl, mica, 600 v. 

Ct-200 nnf, mica 0.005 inch 
thick, 4 inches x 5 inches 
copper pUte, held to mount- 
ing platform by insulated 
pressure clamps 

Ci» 10-80 ii)iS, variable, con- 
Bistinz of copper plate 



3 inches x 3}^ inches mounted 
on Ls and round disk 3 inches 
in diameter, air gap }i inch 
to 1 inch 
Ce C7 = 100 mica ("postaEe 

stamp"), 600 v. 
F=Fu8e, 0.5 amp 
Li=Copper strap 1-3/16 inches 
■ wide X 1/16 inch thick 
L!= ^ inch X 1 inch rectangular 

waveguide or equivalent 
Mi-*Mmiammeter, 0-160 ma, dc 
MsaMilHammeter, 0-750 ma, de 



R=2000 ohms, wire-wound, 

50 watts 
T«Filament transformer, 

11 volts nns, 12.S amp, 

maximum atarting surge 

60 amp 

B<=Blower, designed to supply 
an air flow of at least 140 cfm 
through an outlet area of 
6K square inches to the 
radiator and the filament and 
gridsetUs. 



NOTE: Entire oscillator and load assembly is enclosed in metal box having one end open for cooling-air 
exit and for ease of loading work. Mounting platform divides box into two compartments. See tube data 
for RCA-5786 forced-air-cooling requirements. Tube and circuit must be protected from fumes or 
vapors that may come from work. Adequate shielding should be used to assure compliance with FCC 
TQ^pa^nuitai irei^ding spurious radiation. 
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RCA Technical Publications 



oil Electron Tubes, Semiconductor Products, 
Batteries, and Test and Measuring Equipment 

Copies of the publications listed below may be obtained from your RCA distributor 
or from Commercial Engineering, Radio Corporation of America, Harrison, N. J.. 

Electron Tubes 



• RCA TRANSMITTING TUBES-TT-5 
(8K" X 5^")-320 pages. Written for 
the engineer, technician, radio amateur, 

and student, this new larger edition has 
been comprehensively revised and up- 
dated. Gives data on over 180 tube 
types, including cermolox, ceramic-and- 
metal, pencil, and pulse-rated types. Pro- 
vides basic tube information on generic 
types, parts and materials, ir^tallation 
and application, and interpretation of 
data. Includes maximum ratings, typical 
operating values, and characteristics 
curves for power tubes having plate-in- 
put ratings up to 4 kw and for associated 
rectifier tubes. Contains material on pow- 
er-tube circuit-design considerations and 
rectifier circuits and filters, as veil as 
new application tables for quick, easy 
selection of tubes, and circuit diagrams 
for transmitting and industrial applica- 
tions. Also gives new design information 
on linear rf amplifiers for single sideband 
applications. Features lie-flat binding. 
Price $1.00.** 

• RCA RECEIVING TUBE MANUAL- RC- 
21 (SH" X 53^")-480 pages. Revised, 
expanded, and brought up to date. Con- 
tains technical data on 903 receiving 
tubes and 106 picture tubes for black- 
and-white and color television. Features 
tube theory written for the layman, ap- 
plication data for radio and television 
circuits, Resistance-Coupled Amplifier 
Section, new receiving-tube and picture- 
tube charts, and several circuits for high- 



fidelity audio amplifiers. Feature lie- 
fiat binding. Price $1.00.*° 

• RCA ELECTRON TUBE HANDBOOK 

-HB-3 0%" X 55-8"). Five deluxe 2H' 
inch-capacity black binders imprinted 
in gold. The "bible" of the industry- 
contains over 5000 pages of loose-leaf 
data and curves on RCA receiving tubes, 
■transmitting tubes, cathode-ray tubes, 
picture tubes, photocells, phototubes, 
camera tubes, ignitrons, vacuum and gas 
rectifiers, magnetrons, traveling-wave 
tubes, premium tubes, pencil tubes, and 
other miscellaneous types for special ap- 
plications. Available on subscription 
basis. Price $20.00* including service for 
first year. Also available with RCA Semi- 
conductor Products Handbook HB-10 
at special combination price of $25.00* 
Write to Commercial Engineering for 
descriptive fiyer and order form. 

• RADlOTRONt DESIGNER'S HANDBOOK 

-4thEdition(8|^"x5M")-1500pages. 
Comprehensive reference thoroughly 
covering the design of radio and audio 
circmts and eqmpment. Written for the 
design engineer, student, and experi- 
menter. Contains 1000 illustrations, 2 500 
references, and cross-referenced index of 
7000 entries. Edited by F. Langford- 
Smith of Amalgamated Wireless Valve 
Co., Pty., Ltd. in Australia. Price $7.00.* 

• RCA POWER TUBES-PG-IOIE 
(10^" X 8^")— 46 pages. Completely 
revised and brought up to date. Tech- 
nical information on 200 RCA vacuum 



tTrade Mark Reg. U. S. Pat. Off. 

*Price8 shown apply in U.S.A. and are subject to diaase witiiout notice. 

^Optional List Price. 
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power tubes, rectifier tubes, thyratrons, 
and ignitions. Includes tenninal connec- 
tions. Price 75 cents. *° 

• RCA RECEIVING-TYPE TUBES FOR IN- 
DUSTRY AND COMMUNICATIONS-RIT 
104B {lOVs" X 83^")-32 pages. Tech- 
nical information on over 190 RCA "spe- 
cial red" tubes, premium tubes, nuvis- 
tors, computer tubes, pencil tubes, glow- 
discharge tubes, small thyratrons, low- 
microphonic amplifier tubes, vacuum- 
gauge tubes, mobile communications 
tubes, and other special types. Includes 
socket-connection diagrams. Price 30 
cents.**' 

• RCA RECEIVING TUBES AND PICTURE 
TU3ES-1275K (lOVg" x 85-^")-64 
pages. New, enlarged, and up-to-date 
booklet contains classification chart, ap- 
plicationguide, characteristics chart, and 
base and envelope connection diagrams 
on more than 1050 entertainment re- 
ceiving tulj&s and picture tubes. Price 
50 cents.*'' 

• RCA PHOTOSENSITIVE DEVICES AND 
CATHODE-RAY TUBES- CRPD-105B 

(.10J;;"xS^ ,^") -3Gpages. Contains tech- 
nical information on 151 RCA tubes in- 
cluding single-unit, twin-unit, and multi- 
plier phototubes; photocells; camera and 
image-convertertubes;fl3'ing-spottubes; 
monitor, projection, transcriber, and 
view-fmder kinescopes; oscillograph and 
storage tubes. Price 50 cents.** 

• RCA INTERCHANGEABILITY DIRECTORY 
OF INDUSTRIAL-TYPE ELECTRON TUBES 
-ID-1020C (lOK" X 8%")~16 pages. 
Lists more than 1450 basic type desig- 
nations for 18 classes of industrial tube 
types; shows the RCA Direct Replace- 
ment Type or the RCA Similar Type, 
when avaUable. Price a5 cents.** 

• RCA PHOTOCELLS— lCE-261(10:^"x 

8"K") — 20 pages. Contains a selection of 
photocell-circuit diagrams; technical 
data and characteristic curves of RCA 
photoconductive, photoj unction, and 
photovoltaic cells; interchangeability in- 
formation; and supplementary informa- 
tion on tungsten and fluorescent light 
sources. Booklet is designed to introduce 
the engineer, the hobbyist, and the ex- 



perimenter to application possibilities of 
RCA photocells. Price 25 cents.*° 

• RCA MAGNETRONS AND TRAVELING- 
WAVE TEBUS-MT-301A (WJ4" x 
8>^'0 — 48 pages. Operating theory for 
magnetrons and traveling-wave tubes, 
application considerations, and tech- 
ni ques for measurement of electric^ para- 
meters. Price 60 cents. 

• RCA PENCIL TUBES- lCE-219 (lOK" 
X 8%")—2S pages. Contains operating 
theory for pencil tubes, electrical and 
mechanical circuit-design considera- 
tions, environmental considerations, ap- 
plication considerations, and data for 
commercial types. Price 50 cents.** 

• RCA PHOSPHORS-TPM-1508A (10J4" 
X 8^")— 20 pages. Contains defining 
data for over 25 different industrial 
phosphors, spectral-energy emission 
curves, persistence curves, and quick- 
rrfa-ence classification chajrts. Price 75 
cents. *° 

• RCA CAMERA TUBES-lCE-262 (lOH" 
X 83-^^")— 24 pages. Technical informa- 
tion on PvCA image orthicons and vidi- 
cons aimed at helping the camera tube 
user select the most appropriate tube 
for his application. Includes concise data 
on all commercially available RCA cam- 
era tubes as well as typical curves and 
information defining the most important 
characteristics of camera tubes. Also con- 
tains cutaway views of a vidicon and 
image orthicon illustrating construction 
features. Price 75 cents.*" 

• RCA INTERCHANGEABILITY DIRECTORY 
OF FOREIGN vs. U.S.A. RECEIVING-TYPE 
ELECTRON TUBES — 1CE-197B {SVs" x 
lOK") — 8 pages. Covers approximately 
800 foreign tube types used principally 
in AM and FM radios, TV receivers, 
and audio amphfiers. Indicates U.S.A. 
direct replacement type or similar type 
if available. Price 10 cents. *° 

• TECHNICAL BULLET INS -Authorized in- 
formation on RCA transmitting tubes 

and other tubes for communications and 
industry. Be sure to mention tube-type 
bxilletin desired. Single copy on any type 
free on request. 



fTrade Mark Reg. 17. S. Pat. Off. 

•Prices shown appiy in U.S.A. and are subject Co change without notice. 
^Optional List Price. 
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Semiconductor Products 



• RCA TRANSISTOR MANUAL -SC-10 

X 5H")-304 pages. New manual 
contains detailed technical data on RCA 
semiconductor devices. Easy-to-readtext 
contains information on basic theory, 
application, and installation of transis- 
tors, silicon rectifiers, and semiconduc- 
tor diodes. Includes circuit diagrams and 
^ parts lists for many typical applications. 
Feature lie-flat binding. Price $1.00.*** 

• RCA SEMICONDUCTOR PRODUCTS 
HANDBOOK-HB-10. Two binders, each 
1%" L X 5^" W X 2J^" D, having gold- 
imprinted red covers. Contains over 1000 

pages of loose-leaf data and curves on 
RCA semiconductor devices such as ger- 
manium transistors, silicon transistors, 
silicon rectifiers, and semiconductor di- 
odes. Available on subscription basis. 
Price $10.00* including service for first 
year. Also available with RCA Electron 
Tube Handbook HB-3 at special com- 
bination price of $25.00*. Write to Com- 
mercial Engineering for descriptive flyer 
and order form. 

• RCA SEMICONDUCTOR PRODUCT 
GU1DE-60S16R3 0-OH" x S%")-~12 
pages. Contains classification chart, in- 
dex, and ratings and characteristics on 
RCA's line of transistors, silicon recti- 



fiers, semiconductor diodes, and photo- 
cells. Single copy free on request. 

• RCA SILICON POWER TRANSISTORS 
APPLICATION GUiDE-lCE-215 (lOJ^" 
X 8^")— 28 pages. Describes outstand- 
ing features of RCA silicon power tran- 
sistors and their use in many critical in- 
dustrial and military applications. In- 
cludes construction details, discussion of 
voltage ratings, thermal stability condi- 
tions, and equivalent circuits for these 
transistors. Price 50 cents.*" 

• RCA SILICON VHF TRANSiSTORS AP- 
PLICATION GUIDE-lCE-228 (lOK" x 
8H") — 20 pages. Describes unique capa- 
bilities of RCA silicon vhf transistors 
and their use in critical industrial and 
military applications up to 300 Mc. 
Price 50 cents.*** 

• TRANSISTORIZED VOLTAGE REGULA- 
TORS APPLICATION GUIDE — iCE- 

254 aOVs" X SVs") ~ 12 pages. Describes 
and discusses transistorized voltage reg- 
ulators of the series and shunt types. In- 
cluded are design considerations, step- 
by-step design procedures, and the solu- 
tions to sample design problems. An 
Appendix contains the derivation of de- 
sign equations. Price 25 cents. *° 



Batteries 



• RCA BATTERY MANUAL — BDG-111 
{lOVa" X 8^g")— 64 pages. Contains in- 
formation for the designer, application 
engineer, experimenter, and student on 
dry cells and batteries [carbon zinc (Le- 
clanch^), mercury, and alkaline typ^] . 
Included in this manual are battery 
theory and applications, detailed elec- 
trical and mechanical, characteristics, a 
dassiflcation chart, dimensional outlines 
and terminal connections on each bat- 
tery" type. Price 50 cents.*° 



• RCA BATTER1ES-BAT-134E {10J4" x 
8^") — 16 pages. Technical data on 106 
Leclanch^, alkaline, and mercury-type 
dry batteries, for radios, industrial ap- 
plications, flashlights, lanterns, elec- 
tronic toys, and for photoflash service. 
Price 35 cents.*" 

• RCA BATTERIES FOR TRANSISTOR AP- 
PLICATIONS-TBA-107A (103^" x 
83^") — 12 pages. Technical data and 
curves on 25 RCA Leclanch^-and-mer- 
cury-type dry batteries specifically de- 
signed for use in applications utilizins: 
transistors. Price 25 cents. 



ITrade Mark Reg. U. S. Pat. Off. 

*Prices thown api^ in U.S.A. and are •ubject to change without notice. 
^fll^mal List Price. 
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Te8t and Measuring Equipment 



INSTRUCTION BOOKLETS ~ Illustrated 
instruction booklets, containing specifi- 
cations, operatingandmaintenance data, 
application information, schematic dia- 
grams, and replacement parts lists, are 



available for all KCA test instruments. 
Booklets for the following popular in- 
struments are available at the prices in- 
dicated. Prices for booklets on other irn 
struments are available on request. 



WA-44 (Audio Signal 

Generator)... $0.50* 

WA-44C (Sine-Square Wave 

Audio Generator) 1.00* 

W0-33A (Super-Portable 

Oscilloscope) 1.00* 

WO-88A (5-in.Oscilloscope).. . . 0.50* 

WO-91 A (5-in.OsciUoscope) .... 1 . 00* 

WR-36A (Dot-Bar Generator) . . 0.50* 

WR-39C (TV Calibrator) 0.50* 

WR-46A (Video Dot/ Crosshatch 

Generator) 0.75* 

WR-49A (RF Signal Generator) 0 , 50* 

WR-49B (RF Signal Generator) 1 . 00* 

WR-61B (Color-Bar Generator) 1 . 00* 

Wl5r64A (Color-Bar/Dot/ 



Crosshatch Generator) 1 . 00* 



WR-67A (Test-Oscillator) 0.25* 

WMmA (TV-FM Sweep 

Generator) 1.00* 

WR-70A (RF-IF-VF Marker 

Adder) 0.75* 

WR-86A (UHF Sweep 

Generator) 0.50* 

■WR-99A (Marker Calibrator) . . 1.00* 

WV-37B (Radio Battery Tester) 0.25* 
WV-38A (Volt-Ohm- 

Milliammeter) 0.50* 

WV-65A (VoltOhmystf) 0.26* 



WV-74A (High-Sensitivity 

ACVTVM) 0.75* 

WV-75A (VoltOhmystf) 0,25* 

WV-77A (VoltOhmystf) 0.25* 

WV-77B (VoltOhmystf) 0.25* 

WV-77E (VoltOhmystf) : . 1 . 00* 

WV-84C (Ultra-Sensitive 

DC Microammeter) . . 0.75* 

WV-87B (Master VoltOhmystf) 0.75* 

WV-95A (VoltOhmystf) 0.25* 

WV-97A (VoltOhmystf) . . . . 0 . 50* 
WV-98A (VoltOhmystf) 1.00* 
WV-98B (Senior VoltOhmystf) 1 .00* 
WV-98C (Senior VoltOhmystf) 0 . 50* 

195-A (VoltOhmystf) 0.25* 

WT-IOOA (Electron-Tube 

MicroMhoMeter, Ser. 

No.lOOl and over) .. 2.00* 
WT-IOOA (Tube Chart ICE 



-163) 3.00* 

WT-llOA (Automatic Electron- 
Tube Tester) 1.00* 

WT-llOA (lCE-174 Card 

Punch Data). . . 0.25* 

WT-llOA (lCE-234 Card 

Punch Data) 1.00* 

WT-llOA (Supplement 2 to 
lCE-234 Card 

Punch Data) 0.50* 



tTrade Mark Reg. U. S. Pat. Off. 

^Prices shown apply in U.S.A.. and are subject to change without notice. 
<^ptionalLi#pr^ 
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Reading List 



The publications listed represent both elementary and advanced treatments of 
power and rectifier tube theory, applications, and circuit design. The list, obviously, 
is not inclusive, but additional references are given in the publications listed. 

ARRL Antenna Book. American Radio Relay League. 

Bbnedict, B. R. Indiistrial Electronics, Prentice-Hall, Inc. 

Chxitb, G. M. Electronica in Ifidustry. McGraw-Hill Book Co., Inc. 

Davis and Weed. Industrial Eleetronie Engineering. Prentice-Hall, Inc. 

Dome, R. B. Telensim Principles. McGraw-Hill Book Co., Inc. 

EvERiTT, W. L. Communication Engineering. McGraw-Hill Book Co., Inc. 

Fink, D. G. Engineering Electronics. McGraw-Hill Book Co., Inc. 

Gray, T. S. Applied Electronics. John Wiley & Sons, Inc. 

Kloefflsb, R. G. Indmtrial Eleckonics atid Control. John Wiley & Sons, Inc. 

KoLLER, L. B. Physics of Electron Tubes. McGraw-Hill Book Co., Inc. 

Markus and Zeluff. Electronics for Communication Engineers, McGraw-Hill Book 
Co., Inc. 

Markus and Zeluff. Handbook of Industrial Electronic Circuits. McGraw-Hill 
Book Co., Inc. 

Pexder, Delmar, and McIlwain. HandhooJc for Electrical Engineering— Com- 
munications and Electronics. John Wiley & Sons, Inc. 

Preisman, a. Graphical Constructions for Vacuum Tube Circuits. McGraw-Hill 
Book Co., Inc. 

Principles of Electrical Engineering Series. Applied Electronics. John Wiley 
& Sons, Inc. 

Radiation Laboratory Series. Vol. IS—VaeuumrTube Amplifiers; Vol. 19— 
Wave-forms. McGraw-Hill Book Co., Inc. 

Radio Research Laboratory, Harvard University. Very-High-Frequency Tech- 
niques. McGraw-Hill Book Co., Inc. 

Reich, H. J. Theory and Applications of Electron Tubes. McGraw-Hill Book Co., 

Inc. 

RiCHTER, Walther. Fundamentals of Industrial Electronic Circuits. McGraw-Hilt 
Book Co., Inc. 

Single Sideband for the Radio Amateur, American Radio Relay League. 

Spangenberg, K. R. Vacuum Tubes. McGraw-Hill Book Co., Inc. 

Terman, F. E. Electronic and Radio Engineering. McGraw-Hill Book Co., Inc. 

Terman, F. E. Radio Engineers Handbook. McGraw-Hill Book Co., Inc. 

Terman and Pettit. Electronic Measurements. McGraw-Hill Book Co., Inc. 

The Radio Amateurs Handbook. American Radio Relay League. 

The Radio Handbook, Editors & Engineers, Ltd. 

Federal Oohhunications Commission 

Part 12: Rules Governing Amateur Radio Service. 

18: Rules and Regulations RelatiTig to Industrial, Scientific, 

and Medical Service. ^' 
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Key to Base and Envelope Connection Diagrams 

Diagrams show terminals viewed from base or filament end ojtuhe 

Orientation Symbol 
Other Than Key 

V 



Ftexible Envelope 
Terminal 



Large Pin 




Small Hn 

Rigid Envelope 
Terminal 



Envelope 



Key 



• Gas-Type Tube 
BC Base Sleeve 

CP Center Pin 
F Filament 
Fm Filament Tap 



G Grid 
H Heater 
Hm Heater Tap 
IC Internal Comiec- 
tion— Do not use 



IS Internal Shield 
K Cathode 
NC No Connection 
P Plate or Anode 
S Shell 



Suhecripts for muUi-v.nit types: B, beam unit; D, diode unit; P, pentode unit; 
T, triode unit, TR, tetrode unit. 



In addition to the tube types described in this manual, the 
Electron Tube Division of Radio Corporation of America of- 
fers a comprehensive line of high-power and super-power tubes for 
transmitting and industrial applications. Other available lines of 
RCA electron devices include: 



PHOTOCELLS 

Photoconductive and 
Photojundion Types 

MICROWAVE TUBES 

Magnetrons, Traveling-Wape 
Tubes, Pencil Tubes 

CATHODE-RAY TUBES 
Special-Purpose Kinescopes, 
Storage'TvheSt and OBcillograph Tupes 

THYRATRONS AND IGmXRONS 

SPECIAL TYPES 
VacuumrGauge Tubes, 
Image Convertera 



TELEVISION CAMERA TUBES 

VidicoTis, Image Orihieons, 
and Monoscopes 

PHOTOTUBES 
Single-UnU, Twin-Unit, 
and MidHplier Types 

SEMICONDUCTOR DEVICES 

Germanium aTid Silicon Tran- 
sistors, Silicon Rectifiers, Diodes 

RECEIVING TUBES 
Voltage and Power Amplifiers, Con- 
verters, Oscillators, Mixers, Rectifiers, 

and Diode Detectors 



PICTURE TUBES 
BlacJMinclrWhUe and Color 

For sftks information, For technical information, 

write to Sales write to Commerddl Engineering 



RADIO CORPORATION OF AMERICA 

^ Electron Tube Division Harrison, N. J. 



